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INTRODUCTION 
"Resistance of plants to insect attack may be defined 
as the relative amount of heritable qualities possessed by 
the plant which influences the ultimate degree of damage done 
by the insect" (Painter, I95I). Resistance of crops to insect 
pests is highly desirable, but not easily achieved. Three 
interrelated components of resistance exist: nonpreference, 
tolerance, and antibiosis. Each mechanism can work indepen­
dently of, or cooperatively with, the other mechanisms in 
effecting resistance, and a plant breeder concerned '• ith de­
veloping resistant cultivars must take all three mechanisms 
into account in his breeding procedures. Resistant varieties 
offer distinct advantages over insect control devoted exclu­
sively to chemical and cultural methods, but must not be viewed 
as a panacea in host-pest relationships. An integrated program 
of all types of control should be the most effective and effi­
cient. 
The European com borer (Ostrinia nubilalis Kubner) 
has become one of the most serious insect pests of com since 
its introduction into the United States about 1909. Since 
that time, the biology of the European corn borer and the 
nature of resistance in corn to the insect have been studied 
very extensively. Leaf feeding and first-generation (brood) 
damage in the pre-tassel stage have been recipients of the 
majority of resistance studies^ on com» most notably those 
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conducted in the late fifties and early sixties. Although a 
second generation of the insect per year began to appear in 
the late thirties, it was not until recent years that arti­
ficial egg production techniques were refined enough to con­
duct adequately controlled genetic studies in com for resis­
tance to second-generation (brood) attack. 
A review of the literature has shown that very little re­
search has been done on genetics of resistance in com to 
second-brood European com borer. From basic studies that 
have been conducted, it appears that the genetics and mech­
anisms of resistance to first-brood borers are not the same 
as those operating against second-brood borers. Therefore, 
one cannot safely extrapolate and apply first-brood principles 
of resistance to the second brood. 
The purpose of the investigations reported herein was to 
obtain pertinent information concerning (1) combining ability 
of resistance exhibited by a number of inbred lines in hybrid 
combination; (2) types of gene action and genetic effects in­
volved in second-brood resistance; (3) heritable variation of 
desired characters of resistance; and (4) genotypic and pheno-
typic correlations of important characters associated with 
first- and second-brood European com borer resistance. The 
studies were conducted as part of the cooperative com borer 
resistance investigations of the Iowa Agriculture Experiment 
Station and the U.S.D.A. Com Borer Research Laboratory at 
Ankeny, Iowa. 
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LITERATURE REVIEW 
History and Biology 
The European corn borer was first observed in the United 
States near Boston in 191?• Sources indicate that it probably 
had been introduced into the country in broomcorn from Italy 
or Hungary prior to 1910. It rapidly became established in 
New England and began to spread westward. By 1942 it was ob­
served in Iowa (Harris and Brindley, 19^2). By 1946 it had 
advanced into eastern Nebraska and South Dakota. It is cur­
rently as far west as eastern Montana and as far south as 
Texas (Coop. Econ. Insect Rept., 1971). 
Early studies from 1917 until the late 1930*s indicated 
the corn borer passed through only one generation each year. 
It was during the late thirties that a second generation began 
to appear in the north central com belt. Since then the two-
generation strain has become predominant (Brindley and Dicke, 
1963). 
During its lifetime, the corn borer goes through four 
stages of development: egg, larva, pupa, and moth. These 
four stages make up one generation or brood. Two broods 
usually exist each year in Iowa. The first brood starts with 
the emergence of moths from cornstalk residue in early June 
and completes its life cycle near mid-July. The second brood 
begins in late July and terminates its generation after over­
wintering in the larval stage (Dicke, 1954). 
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The first-generation corn borers damage the corn plant by 
feeding primarily on the spirally rolled leaves in the whorl. 
Factors that inhibit first-brood borer establishment and sur­
vival on resistant lines are operative against early larval 
instars and result in a high degree of antibiosis and mortality 
of first and second instars. Therefore, first-brood resis­
tance is actually leaf feeding resistance (Guthrie, Dicke, and 
Neiswander, I96O; Guthrie, Russell, and Jennings, 1971)* 
The second-generation corn borers reach a peak period of 
oviposition about the middle of August in Iowa. First and 
second instar larvae survive and develop primarily on pollen 
accumulation at the axils of the leaves and on sheath, collar, 
ear shoots, husks, and silk tissue (Guthrie, Huggans, and 
Chatterji, I969). Third and fourth instars feed primarily on 
sheath and collar tissues, often completely girdling the leaf 
collar and sheath nodal attachment. This can result in com­
plete dessication and loss of the leaf or both leaf and sheath. 
All four larval instars, first through fourth, can develop 
satisfactorily on a pollen or sheath and collar tissue diet. 
More than 95 percent larval mortality occurs within three days 
after egg hatch on inbred lines, such as B52, resistant to 
second-brood infestation indicating a high degree of antibiosis 
to first and second instar larvae. Therefore, second-brood 
resistance actually may be leaf collar and sheath feeding 
resistance (Guthrie, Huggans, and Chatterji, 1970; Guthrie 
et al., 1971). Larvae capable of survival to the late fourth 
5 
and fifth instar normally bore into the ear shank and stalk 
causing severe tunnelling in highly susceptible material. 
These feeding habits result in a loss of plant vigor, reduc­
tion of photosynthetic potential, extensive stalk breakage 
and ear droppage, and make plants highly vulnerable to various 
pathological organisms by providing entry points and providing 
a favorable medium for increase of invading organisms. 
Genetics of First-Brood Resistance 
The first systematic breeding to develop resistant lines 
was reported by Marston (I930, 1933)» Studies made on 935 
lines from crosses of Maize Amargo and Michigan dent varieties 
indicated resistance was recessive and susceptibility dominant. 
A 3*1 Kendelian ratio of susceptible to resistant progenies 
led Marston to suggest that the Amargo type of resistance was 
inherited as a simple Mendelian recessive. 
Meyers et al. (1937) studied materials consisting pri­
marily of inbred lines and hybrids used in their regular breed­
ing program but did not find any evidence which suggested im­
munity or genetically simple resistance. Similarly, Patch, 
Holbert, and Everly (1942) observed that resistant, partially 
resistant, and susceptible inbreds transmitted factors for re­
sistance, partial resistance, and susceptibility, respectively, 
in various double cross hybrid combinations. This led them to 
conclude that resistance to the borer was due to the cumula­
tive effect of an undetermined number of multiple factors. 
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Their results were supported by data from Schlosberg and 
Baker (1948). Later, Patch and Everly (1948) studied combina­
tions of single crosses and observed a geometric effect of 
factors controlling resistance instead of an arithmetic effect. 
They concluded that, if any complementary or modifying action 
of factors was present, it was not sufficient to be of im­
portance. 
More refined studies evolved in the 1950's. Singh (1953) 
studied resistant and susceptible inbreds per se and in vary­
ing combinations (RxR, RxS and SxS). A broad spectrum of 
resistance was expressed in these combinations including 
dominance of resistance for leaf feeding, little dominance, 
and partial dominance of susceptibility. Yield losses were 
estimated to be 9.5 and 34.7 percent in resistant and suscep­
tible inbreds, respectively. Yield losses for RxR, RxS and 
SxS inbred crosses were 5'8, 9.6, and 11.8 percent, respective­
ly, when comparisons of infested vs. noninfested plots were 
made. He indicated that a type of complementary gene action 
may be in operation and concluded that genetic effects for 
leaf feeding were additive and were in agreement with a two-
factor pair hypothesis. Other studies subsequently supported 
the two pairs of genes hypothesis (Fleming et al., 1958; 
Mohamed, El-Haddad and Mallah, I966). 
By use of 23 chromosomal interchange lines, Ibrahim 
(1954) determined that leaf feeding resistance differentiat­
ing the inbred line A411 from the susceptible line A344 is 
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caused by one gene on the long arm of chromosome 3, one gene 
on the long arm of chromosome 4, and another on the long arm 
of chromosome 5- Resistance was dominant in all the F^'s and 
backcrosses studied. Later, using similar techniques, Scott, 
Dicke, and Pesho (1966) found CI3IA to possess a gene or genes 
contributing to resistance on the short arm of chromosomes 1, 
2, and 4, and on the long arm of chromosomes 4 and 6. Resis­
tant B49 appeared to have genes for resistance on these same 
chromosome arms, plus an additional gene for resistance on the 
long arm of chromosome 8. 
From leaf feeding ratings of Fg and backcross progenies 
of susceptible x resistant crosses, Penny and Dicke (1956) 
indicated segregation for resistance at three or more loci in 
Ml4 X MSI cross, and at one or two loci in three other crosses 
studied. Partial phenotypic dominance of susceptibility was 
observed and heritability estimates of resistance ranged from 
21 to 58 percent in years 1953 and 1954, respectively. They 
implied that breeding programs intended to develop resistant 
inbred lines must take into account the possibility of high 
resistance being the result of accumulation of several genetic 
factors. A later study by Penny and Dicke (1957) indicated 
that the aforementioned implications may not hold true. In 
two susceptible x resistant crosses, Ml4 x gl^v^y and WF9 x 
glyV^y, estimates in Fg and backcross progenies showed that 
resistance differences were conditioned by segregation of genes 
at a single locus. The resistance gene was linked with the 
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glyV^y genes of the resistant parent with crossover frequencies 
of 31 and 37 percent, respectively. 
A rather extensive study was conducted in Iowa by Rubis 
(1954). Data were collected on leaf feeding and damage point 
counts on 9 inbreds and their diallel of 36 F^'s and Fg's, on 
7 inbreds and their 21 F^'s and Fg's, and on 4 crosses, each 
consisting of P^, P^, F^^, F^, BC^, BCg, F^, BS^. and BSg gen­
erations. Constant parent regression as outlined by Griffing 
(1950) and the Fg partitioning method as outlined by Mather 
(1949) were used to estimate heritable variation in Fg and F^ 
generations. Heritable variation ranged from I7.8 to 22.7 per­
cent in the Fg generations of the four crosses and from 42.1 
to 56.2 percent in the F^ generations of the same crosses. 
The gene action involved in leaf feeding resistance appeared 
to be mostly additive with dominance and epistasis important 
in certain crosses. His results indicated that effectiveness 
of individual plant selection would be low and that selection 
would have to be carried to progeny rows. An alternate back-
crossing and recurrent selection method was suggested for in­
creasing gene frequency and transferring leaf feeding resis­
tance from resistant inbreds to susceptible inbreds. 
Fleming et al. (1958) studied the P^, Pg, F^, Fg, BC^, 
and BCg generations of crosses F1235 x A357 and A279 x A291. 
Analyses followed methods outlined by Powers, Locke, and 
Garrett (1950)» Heterosis for resistance was exhibited in the 
F^'s and heritability estimates for leaf feeding resistance 
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were 25 and 13 percent for each cross, respectively. Although 
these values were not very high, the authors indicated that 
resistant inbreds can be selected from crosses of resistant x 
susceptible parents because additive variance was several 
times greater than nonadditive variance. 
Guthrie and Stringfield (1961a) attempted to combine the 
theories of both Rubis and Fleming et al. in a selection pro­
cedure. The modification by Guthrie and Stringfield resulted 
in a system of alternating backcrossing and selfing to fix the 
desired resistance characters in certain lines. Their efforts 
were successful and resulted in release of three OhA^-related 
inbred lines, each having a high degree of resistance to leaf 
feeding. 
A detailed study was conducted by Scott, Hallauer, and 
Dicke (1964) on the populations arising from the cross of 
GI3IA, a resistant inbred line, and B37i a susceptible inbred 
line. Leaf feeding ratings were made on a scale from one to 
nine as described by Guthrie et al. (I96O). Heritability es­
timates obtained by parent-progeny regression analysis ranged 
from 13.9 to 47.5 percent on individual plant basis in the Fg, 
BC^, and BCg generations. Heritability estimates on a per plot 
basis ranged from 40.6 to $U.8 percent as calculated from com­
ponents of variances evolving from a Design III experiment. 
Additive and dominance variances were estimated by least 
squares analysis of data from four generations and directly 
from the Design III experiment. In both studies, most of the 
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genetic variance was found to be of the additive type. Addi­
tive and negative dominance x dominance effects were signifi­
cant as determined by a generation means analysis of six gen­
eration means (P^, P2» , BS^, BSg). They concluded that 
an efficient breeding program for leaf feeding resistance would 
be one, such as mass selection or recurrent selection, that 
allows for an accumulation of desirable genes at numerous loci. 
Scott, Dicke, and Pesho (I966) later reinforced this assertion. 
Mohamed et al. (I966) conducted a similar study by looking 
at six generations (P^, Pg, Fj, Fg, BC^, BCg) from a resistant 
X susceptible inbred cross. They used the partitioning method 
of genetic analysis as outlined by Powers (I963). They ob­
served incomplete phenotypic dominance for leaf feeding resis­
tance and ascertained that gene effects were predominantly 
additive. Estimate of heritability on an individual plant 
basis was 60 percent. 
Data by Penny, Scott, and Guthrie (I967) supported the 
theories advanced by Scott et al. (1964, I966) that recurrent 
selection should be a useful breeding procedure for resistance 
to leaf feeding. They observed that two cycles of recurrent 
selection using single-row, nonreplicated S^ progeny testing 
were sufficient to shift the frequencies of resistance genes 
to a high level in five synthetic varieties studied. Three 
cycles produced essentially borer-resistant varieties. 
The 90 reciprocal diallel crosses among 10 inbred lines 
(5 resistant and 5 susceptible) and the parents were grown by 
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Scott and Dicke (1965) to determine if resistant and suscep­
tible lines had similar modes of inheritance of leaf feeding 
resistance. The data indicated that at least some of the re­
sistant lines differed for gene(s) for resistance or had a 
different proportion of the same genes for resistance. The 
average degree of dominance for resistance over all crosses 
was quite low; however, corn borer ratings of parental lines 
were in rather close agreement with their ratings in hybrid 
combinations. The researchers concluded that even though 
screening inbred lines for com borer resistance as lines in 
combination appears an efficient method for selection, the 
final and most useful testing of lines for hybrid combination 
must be done at the hybrid level. They suggested that screen­
ing, in hybrid combinations should be done with one or more 
susceptible testers as proposed by Guthrie and Stringfield 
(1961b). 
Scott and Guthrie (I967) tested various combinations of 
a number of resistant and susceptible inbreds in single crosses 
and double crosses. Double crosses with three or four resis­
tant lines in their pedigree had high levels of resistance. 
Double crosses having two resistant lines had an acceptable 
level of resistance but varied due to the sequence of combina­
tion. The authors suggested that if two resistant and two sus­
ceptible inbreds are combined in a double cross hybrid, the 
two resistant lines should both be on the same side of the 
pedigree. The resulting double cross will then behave similar 
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to an instead of an Fg. Differences between observed and 
predicted values of certain permutations indicated that some 
type of epistasis was important in expression of leaf feeding 
resistance. 
The reciprocal crosses grown by Scott and Dicke (I965) 
allowed for observation of specific cytoplasmic-genotypic in­
teractions which may exist. CI3IA was found to exhibit more 
resistance as a female in the CI3IA x 314 cross than when used 
as the male. These data prompted a study by Pesho, Russell, 
and Dicke (I969) to determine the effects of pollen fertility 
restorer factors and cytoplasmic pollen sterility factors on 
leaf feeding resistance among different genotypes of hybrid 
corn. Single crosses involving recovered restorer factors 
generally showed increased resistance as compared with non-
restorer strains. Increased susceptibility to leaf feeding 
was observed consistently in presence of Tcms cytoplasm. 
These effects were not major, but were sufficient to warrant 
attention in production of inbred and single cross seed. 
Other factors correlated with leaf feeding resistance 
began to emerge about this time. Scott, Guthrie, and Tipton 
(1966) studied effects of larval survival on extracts from 
resistant and susceptible inbreds and hybrids. They concluded 
that at least some of the observed resistance is caused by the 
presence of a substance(s) in the resistant com which acts 
either as a feeding deterrent or as a toxin to young larvae. 
This substance was later identified as an aglucone, 2,4-
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dihydroxy-7-niethoxy-2H-l,4-benzoxazin-3(^H)-one (DIMBOA), and 
Klun, Tipton, and Brindley (I967) concluded DIMBOA to be an 
active chemical agent in the resistance of com to European 
com borer leaf feeding. Ensuing studies by Klun et al. (1970) 
showed highly significant correlations between concentration 
of the chemical (DIMBOA) in the plant tissues and level of re­
sistance to leaf feeding for the inbreds (r=-0,89**) and for 
the single crosses (r=-0.74**). Also, general combining 
ability accounted for 84 percent of the variation in the re­
sistance ratings and for 9I percent of the variation due to 
concentration of DIMBOA. Their results provide further evi­
dence that an objective analysis for DIMBOA concentration in 
the whorl portion of the maize plant can serve as an indicator 
of resistance to leaf feeding and possibly eliminate the visual 
ratings; however, the technique is not practical at this time. 
Studies of Second-Brood Resistance 
Relatively few studies have been made on the second gen­
eration of the European com borer when compared to the numer­
ous studies on the first generation. Early studies indicated 
that the biological relationship between borer and com plant 
was not the same for both broods. Since primary injury from 
the first-brood infestation is, directly or indirectly, reduc­
tion in yield, and since the yield of the com crop is largely 
fixed by the time the larvae of the second brood invade stalk 
and shank, efforts have been directed mainly toward breeding 
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for resistance to the first brood and for tolerance to the 
second brood (Dicke, 1954). 
Data by Chaing, Cutkomp, and Hodson (195^) indicated that 
the second-generation borers have little effect on the ear 
growth, but are responsible for stalk breakage and ear drop-
page. The correlation between mature larvae and stalk break­
age was 0.94**. They concluded that the populations of first-
and second-generation borers must be distinguished separately, 
that their effects on loss of yield must be assessed separate­
ly and that there is little basis for assigning the same 
damage index to both generations of borers. 
Very little information is available to indicate yield 
losses due to second-brood infestation. One study by Deay, 
Patch, and Snelling (1949) had indicated losses in potential 
yield of 1.33 to 4.03 percent under simulated natural infesta­
tion in Ohio in 1944 and 1945. 
It was therefore inevitable that a study such as the one 
by Pesho, Dicke, and Russell (I965) would be forthcoming. In­
vestigations were conducted in Iowa over a 5-year period to 
identify sources of resistance to second-brood com borer in­
festation among 114 inbred lines of field com. Techniques of 
infestation and evaluation were presented; relative resistance 
was evaluated by counts of com borer cavities in the stalk and 
ear-shank at plant maturity. Simple correlation coefficients 
for number of cavities in the shank and in four intemodes 
above the ear and in four intemodes below the ear were O.5IO** 
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and 0.478**, respectively^ There appeared little or no corre­
lation between first- and second-brood resistance ratings of 
the inbreds tested. The Iowa line B52 consistently had the 
lowest mean number of cavities; WF9, Hy, W22, and Oh4-3 con­
sistently were in the group having the highest mean number of 
cavities. 
To further illuminate the relationship between first- and 
second-brood European corn borers, Sparks et al. (I967) studied 
the effects of four planting dates in which three levels of 
second-brood borer infestation were superimposed factorially 
on each of three levels of first-brood borer infestation. Due 
to significant interactions, no supported statements could be 
made concerning effects of first-brood infestation on second-
brood infestation. However, at the high infestation level, 
the resistant hybrids reduced first-brood borer population by 
an average of 59.1 percent and second-brood population by 
25.9 percent. Correlation coefficients ranged from 0.694** 
to 0.873** for number of borers per plant and cavities per 
plant. 
The findings by Sparks and co-workers were extended by 
Guthrie and Dicke (1972). They theorized that one purpose in 
developing inbreds resistant to leaf feeding (first-brood) 
damage is to reduce first-brood populations in order to reduce 
losses, and also to reduce the second-brood populations, hence 
stalk breakage and ear droppage. Their data showed that, in 
general, single crosses with the following combinations of 
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inbred lines are effective in reducing first-brood populations: 
RxR, Ixl, Rxl, RxS (R = resistant; I = intermediate; S = 
susceptible). This assumes the existence of dominance or 
partial dominance of resistance, especially in the RxS com­
bination. They concluded that resistance to both broods still 
must be considered separately until we can develop methods of 
selecting for resistance to both broods simultaneously in the 
same population. 
The genetics of second-brood resistance is virtually un­
known, although data of Scott, Guthrie, and Pesho (I967) from 
45 diallel crosses among 10 inbreds (5 resistant and 5 sus­
ceptible) indicate that the high resistance of B52 is trans­
mitted in hybrid combination and that the type of gene action 
conditioning resistance to the second brood is mostly of the 
additive type. Evidence of epistatic variances are present; 
however, these are probably not large relative to the total 
genetic variance. Yield losses due to second-brood borer 
damage were about 4 percent, 8 percent, and 12 percent for 
RxR, RxS and S x S types of crosses, respectively. These 
losses were approximately 2 percent per cavity per plant. 
Second-brood corn borer resistance theoretically should 
reduce and weaken the borer population that enters the winter. 
Thus, the emergence of moths in the spring should be markedly 
reduced. Although we have some sources of resistance avail­
able, research should be initiated to determine the genetics 
of and nature of resistance to second-brood European corn 
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borers. Information on the genetics of resistance in the 
host plant will permit the plant breeder to plan more efficient 
breeding programs. 
Other Host-Plant Resistance Studies 
Probably more genetic studies have been conducted on re­
sistance to the European corn borer than for any other insect 
pest of crops. However, there are many examples of plant-
insect interrelationships involving other crops and other in­
sects; the modes of inheritance of resistance of a few of these 
have been studied and are presented below. 
Corn earworm 
The com earworm, Heliothis zea (Boddie), feeds on sweet-
corn and field corn. Several studies have been conducted to 
determine the inheritance of resistance to com earworm feeding, 
but most research results have been inconsistent. Some studies 
of hybrids have shown resistance to be a dominant trait, 
while other studies using different inbreds show it to be 
recessive (Walter, I962). Other studies have indicated minimal 
estimates of gene number to be in excess of three, thus making 
simple inheritance of earworm resistance improbable (Widstrom 
and Davis, I967). 
Significant levels of f.eneral and specific combining 
abilities were detected, along with evidence of an excess of 
alleles expressing almost complete dominance and often over-
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dominance for resistance (Widstrom and Davis, 19^7; Widstrom, 
1972). 
Further studies by Widstrom and Hamm (I969) have shown 
general combining ability effects to account for two-thirds 
of the genetic variability, and suggested that resistance was 
only partially dominant. Estimates of heritability of resis­
tance for selection of half-sib families ranged from 34 to 40 
percent. Later, Widstrom, Wiser, and Bauman (1970) estimated 
realized heritability at 16.5 percent during five cycles of 
recurrent selection using half-sib testing. 
Using Latin American composite populations, Widstrom, 
Wiseman, and McBdillian (1972) found estimates of dominance 
variance to be much less than estimates of additive genetic 
variance. Estimates of heritability and genetic response to 
selection were highest in those populations that also had the 
largest estimate for dominance and the highest level of ear-
worm resistance. 
Western corn rootworm 
Very little is known about the inheritance of resistance 
of com to infestation by larvae on the roots or by adults on 
the silk. However, Sifuentes and Painter (1964) investigated 
the damage done by adults of the western com rootworm, 
Diabrotica virgifera (LeConte), feeding on leaves in the whorls 
of the com plants. Their investigation indicated a monogenic 
type of inheritance with resistance inherited as a recessive 
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gene in the cross of a resistant experimental inbred. 
(F^xP^^jFg-Z-Z-l-l-^, and CI189-2, which was susceptible. 
Grasshopper 
Grasshopper leaf feeding resistance in com was discovered 
in Amargo variety. Resistance was found to be inherited as a 
monogenic recessive character located at position (14) on 
chromosome 1 in maize (Neuffer, Jones, and Zuber, I968). 
Corn leaf aphid and sweetclover aphid 
The corn leaf aphid is a pest of dent corn and also sor­
ghum. Studies of resistance to this insect in sorghum show 
resistance to be dominant or partially dominant (Cartier and 
Painter, I956), but no genes have been tabulated. 
Classification of F^, F^, and backcross progenies from 
two different crosses of sweetclover varieties revealed that 
resistance to the sweetclover aphid was inherited as a domin­
ant character and that segregation is for a single pair of 
alleles in most of the progenies observed (Manglitz and Gorz, 
1968). There was an indication in some of the progenies that 
complementary genes may be involved. 
Greenbug 
Inheritance studies of greenbug resistance have been made 
in wheat, barley, and oats. Daniels and Porter (1958) and 
Curtis, Schlehuber, and Wood (i960) reported that resistance 
in wheat to the greenbug, Toxoptera graminum (Rond.), is 
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conditioned by a single recessive gene pair, gbgb. However, 
it appears that other modifying genes may be involved. 
Gardenhire (19^5) and Gardenhire and Chada (I96I) obtained 
evidence that greenbug resistance in certain barley varieties 
was controlled by a single dominant gene, GrbGrb» Their find­
ings were supported by Smith, Schlehuber, and Curtis (I962). 
From data collected from Fg and F^ generations of resis­
tant X susceptible oat crosses, Gardenhire (1964) hypothesized 
that the inheritance of greenbug resistance in the oat variety 
Russian 77 is conditioned by a single, dominant gene pair. 
Wheat stem sawfly 
McKenzie (I965) studied the inheritance of sawfly reac­
tion and stem solidness in spring wheat crosses. Resistance 
in the wheat stem sawfly is conditioned by culm solidness. 
His data supported the hypothesis that the varieties differed 
by three genes for sawfly reaction. One gene contributed the 
major influence. Its dominant allele for susceptibility 
when homozygous (AA) was epistatic to the two other genes. 
In the heterozygous condition (Aa), it was not epistatic. Its 
homozygous recessive (aa) expression of resistance was twice 
as effective as either of the other two genes in resistance 
expression. The other two genes lacked dominance and were 
equal in influencing reaction. (The above interpretation 
appears to be an attempt to explain a quantitatively inherited 
trait in terms of simple Mendelian genetics which may not be 
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plausible.) 
Hessian fly 
Resistance to the Hessian fly in wheat is controlled by 
at least six major identifiable genes and probably numerous 
minor genes. The two dominant unlinked genes, H^ and H^, 
exhibited duplicate gene action (segregating 1^:1 in rows) 
in controlled studies by Cartwright and Wiebe (1936). Another 
gene, H^, was found by Caldwell, Cartwright, and Compton (1946) 
to express partial dominance of resistance, while h^^ was shown 
by Suneson and Noble (1950) to be a recessive gene for resis­
tance. Shands and Cartwright (1953) reported the fifth gene 
as being incompletely dominant in its expression, and Allan 
et al. (1959) reported H^ to be a single, partially dominant 
gene for resistance. In barley, a single dominant gene pair 
for resistance was found to be common to three resistant 
parents studied (Olembo, Patterson, and Gallun, I966). 
To elucidate the mechanism of resistance (antibiosis) 
of wheats to different biotypes of Hessian flies, Hatchett 
and Gallun (1970) conducted a study of the genetics of the 
insect-host relationship between the Hessian fly and wheat. 
Their data showed that the ability of the insect to survive 
on wheats having specific genes for resistance is inherited 
as a recessive character and they concluded that the genie 
systems of the insect and host are complementary; i.e., a 
gene-for-gene relationship. For a given race of flies to 
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survive on a wheat, the insect must possess the complementary 
recessive gene for virulence to counter the dominant gene for 
resistance in the host plant. In addition, these genes for 
resistance do not act in a dosage fashion; e.g., an accumula­
tion of resistance genes in the host normally does not result 
in a net gain in biological resistance. This type of gene 
action is similar to several of the existing pathogen-host 
relationship; e.g., Melampsora and flax, Ustilago and oats, and 
Puccinia and wheat or oats, and is in stark contrast to the 
majority of known genetic mechanisms conditioning insect re­
sistance in most cultivated crops. 
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MATERIALS AND METHODS 
Investigations on the inheritance of first- and second-
brood European com borer resistance were conducted using 
data from several experiments during the years from 1963 to 
1971. Facilities to carry on the investigations were furnished 
by the com breeding project of the Iowa Agriculture Experiment 
Station, and research was conducted in cooperation with ento­
mologists of the Corn Borer Research Laboratory, Entomology Re­
search Division, U.S.D.A., Ankeny, Iowa. All experiments were 
grown on the Iowa State University Farm located near Ankeny, 
Iowa. 
A survey of the European com borer natural infestation 
is made each fall by entomologists of the Iowa Agriculture 
Experiment Station, Iowa Agriculture Extension Service, and 
Iowa Department of Agriculture. Iowa is divided into 12 
regions. All of my studies were conducted in Region VIII 
which includes the following counties: Boone, Story, Marshall, 
Tama, Dallas, Polk, Jasper, and Poweshiek counties. The 
European com borer larvae fall infestation surveys expressed 
as borer larvae per 100 plants were 73» 86, 236, 46, and 426 
for years I963, I965, 1968, I969, and 1971. respectively. The 
lowest count in Region VIII in I969 was considerably below the 
state-wide average of l64 larvae per 100 plants. These data 
are indicative of the general increase in natural larval in­
festation throughout the years in which these studies were 
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conducted. 
In European corn borer resistance investigations, all 
plots are artificially infested with egg masses produced by 
the Com Borer Research Laboratory at Ankeny. Egg masses have 
been supplied for first-brood research for several years, but, 
until recently, second-brood egg masses have not been abun­
dantly available from the Com Borer Laboratory. Recent 
improvements in rearing com borer larvae on meridic diets 
have made possible an ample supply of egg masses for second-
brood resistance studies. 
Corn Borer Resistance Evaluations 
First-brood techniques 
Artificial infestation of plants with first-brood egg 
masses was made when the plants were in the mid-whorl stage 
of growth. Several applications were made at two- to three-
day intervals. One application consisted of placing two egg 
masses per plant into the whorl of each plant. An egg mass 
contains approximately 30 eggs and is incubated to near the 
hatching stage before being applied to the plant. 
Leaf feeding ratings were made 20 to 25 days after egg 
hatch. A nine-class rating scale was used for evaluating 
borer leaf feeding in the late-whorl stage of plant develop­
ment. A general description of visual leaf-feeding rating 
classes for evaluating the amount of plant injury for different 
levels of larval establishment and survival was presented by 
25 
Guthrie et al. (I96O) and is given in the following summary: 
Class 1. No visible leaf injury or a small amount of 
pin or fine shot-hole type of injury on a 
few leaves. 
Class 2. Small amount of shot-hole type lesions on a 
few leaves. 
Class 3» Shot-hole injury common on several leaves. 
Class 4. Several leaves with shot-hole and elongated 
lesions. 
Class 5» Several leaves with elongated lesions. 
Class 6. Several leaves with elongated lesions (about 
1 inch). 
Class 7. Long lesions common on about one-half of the 
leaves. 
Class 8. Long lesions common on about two-thirds of 
the leaves. 
Class 9. Most of leaves with long lesions. 
Plants were rated on an individual plant basis where in­
dividual plant datum was of interest. Plants were rated on a 
plot average where plot mean values were of interest. Materi­
als utilizing first-brood techniques are given in Table 1, 
which presents an overall summary of materials and methods for 
all experimentation presented herein. 
Second-brood techniques 
To avoid natural first-brood infestation, plots were 
planted late. Planting dates ranged from May 23 to June 7 for 
second-brood studies, as evidenced in the summary of materials 
and methods (Table 1). All materials tested were in a stage 
of growth attractive to natural oviposition by second-brood 
Table 1. Summary of materials and methods used 
Materials and year 
Exp. Field No. 
no. design entries 
Scott, Guthrie, Pesho 
/1963 
Diallel 1 
U965 
1968 
B52xL289 (9 generations) 
B52xB39 (9 generations) 
1269 
B52x0h43 (9 generations) 
B52xB39 (9 generations) 
(1st brood 
Diallel 
rinbredsl 
(hybrids 
/inbreds > 
2nd brood 
(hybrids j 
First brood 
B52xOh43 
B52xWF9 
Second brood 
B52xOh^ 3 
B52xWF9 
1971 
B52xOh^ 3 (9 generations) 
33 
53J 
106^  
107 
59 
60 
X, 
RCBD 
> RCBD 
J 
61 Restricted 
RCBD 
45 
10 
72 Restricted 4-30 
RCBD 
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Plot Row 
No. length width No. rows 
reps. (cm) (cm) per plot 
Plant 
spacing Date 
(cm) planted 
457.2 101.6 50.8 
May 28 
,June 7 
10 508.0 101.6 (3, center 
row in­
fested) 
33.0 < 
May 29 
May 29 
May 23 
May 23 
711.2 101.6 101.6 May 23 
508.0 101.6 
25 (each)' 
15 (each) 
15 (each) 
33.0 May 3 
508.0 101.6 
25 (each)) 
15 (each) 
15 (each), 
33.0 May 23 
3 508.0 
(5 blocks 
per rep) 
101.6 
( inbreds-
3 rows) 
33.0 May 26 
Table, 1. (Continued) 
No. 
masses/ No. Total 
plot/ plants/ no. 
Exp. Dates No. times infes- plots plants 
no. infested infested tation infested infested 
33 
53 
Mid-Aug. 
Late Aug. 
Rep.1(4) 
Rep.2,3(2), 
All 
106 Aug. 1-15 
107 Aug. 1-15 
: 
6l 
Aug. 
Aug. 
4-
4-
•19 
•19 
J^uly 7-•14"^  
July 
/ 
7-•141 
1 Aug. 1-21 
<Aug. 1-.2lj 
I 
8 
8 V 
8 
16 
10 
1600 
1650 
June 23-30 8 
400 each\ 
240 each> 
240 eachj 
Xg Aug. 1-18 8 
400 each] 
240 each 
240 each I 
72 July 29-
Aug. 9 
8 (Rep.1,2) 
7 (Rep.3) 
10-12 14,200 
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Second brood First brood 
No. Total No. 
plants/ no. plants/ No. 
plot plants Date plot plots 
Dates dissected dissected dissected rated rated rated 
After maturity 
(October) 
10 1350 
r. Oct. 1-Oct. 8 
Oct. 1-Oct. 8 
A 
< > 10 
Sept. 29-Oct. 7 
S^ept. 30-0ct. 10J 
Oct. 3-Oct. 13 
Oct. 3-Pct. 13 
10 
10 
4000 
300 
1350 
July 30-31 10 30 
July 30-31 10 135 
Sept. 28-Sept. 29 
(250 ea. 
<150 ea. 
(I50 ea. 
July 16 
Sept. 26-Oct. 6 10 12,900 
Total 21,000 
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moths. No attempts were made to determine the extent of, or 
to compensate for, natural second-brood infestation or the 
accompanying degrees of preference of oviposition sites by 
the moths on various cultivars. 
Egg masses incubated to near the hatching point were 
pinned through the leaf midrib under the ear leaf. Egg masses 
were then pinned alternately and bidirectionally into the mid­
ribs of leaves above and below the ear during the active 
pollen shedding stage, as described by Pesho et al. (I965). 
The infestations were made in one to eight applications of two 
or three egg masses each (refer to Table 1) spread two or 
three days apart. As many as eight applications of egg masses 
were used in several genetic studies, or when selections were 
made in segregating material, to avoid "escapes". Usually 10 
to 16 plants in each plot were infested. Added variability of 
infestation was introduced by applying egg masses over a period 
of time under varying bioclimatic conditions. However, since 
increased establishment and survival of second-brood larvae is 
associated with anthesis (Guthrie et al., I969), egg masses 
were applied when plants of a plot were in a comparable stage 
of plant development, i.e., beginning when half the plants in 
a plot were shedding pollen, rather than in a comparable en­
vironment, e.g., when all plots of a replication were infested 
during the same day, regardless of the stage of plant 
development. 
At approximately 50 to 60 days after egg hatch, 10 plants 
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per infested plot were dissected longitudinally to evaluate 
second-brood damage. Number of larval cavities in the stalk 
and ear shank were used in evaluating resistance or suscep­
tibility. A cavity 1/2 to 1 inch long was counted as 1 
cavity; a cavity 6 inches long was counted as 6 cavities. 
Methods for evaluating plant damage followed those outlined 
by Pesho et al. (I965). Plant damage as an index of relative 
resistance was used in preference to insect counts because 
many factors, including insect diseases, prédation, parasitism, 
and migration, can cause the resultant absence of viable in­
sect forms at the time of examination even though extensive 
plant damage is present. 
Data were analyzed for mean number of cavities per shank, 
cavities per stalk, and cavities per plant (plant = shank + 
stalk). One man could dissect 400 to ^ 00 plants per day, or 
4o to 50 plots. Additional variability was introduced during 
dissections because more than one person dissected within in­
dividual plots and replications. This approach was undesirable, 
but necessary because of restricted funds, time, and personnel. 
Experiments Conducted 
Experiments 33 and 53 
A group of diallel crosses among 10 selected corn inbreds 
was grown at Ankeny, Iowa in I963 and 1965» The inbreds B$2, 
B64, RlOl, HD2187, and B55 were selected as resistant to 
second-brood European com borer infestation, while Oh43, WF9, 
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Hy, W22, and Bl4 were selected as susceptible. This study 
was conducted by Gene Scott, W. D. Guthrie, and G. R. Pesho 
(1967) to determine if the resistance of inbreds would be 
expressed in hybrids and if the present level of resistance 
was sufficient to prevent serious yield losses. The methods 
used in their study are available for review in the publica­
tion and have been summarized in Table 1 of this dissertation. 
Whole plot data of borer-infested plots from that study were 
extracted from our files to obtain estimates of general com­
bining ability (gca) effects and specific combining ability 
(sea) effects of second-brood resistance because this informa­
tion was not calculated or presented in the original publica­
tion. Also, the information would supplement the present 
study. 
Experiment 6l 
A group of ^ 5 diallel crosses among inbreds B52, RlOl, 
B14A, CI3IA, Oh^ 3, B49, B37, Hy, WF9, and W22 was grown at 
Ankeny, Iowa in I969 and evaluated as inbreds per se and in 
single-cross hybrid combinations (reciprocal crosses excluded) 
to obtain estimates of general and specific combining ability 
effects for both first- and second-brood corn borer resistance. 
Methods used in Experiment 6l are summarized in Table 1. 
Inbreds and hybrids were confined to separate blocks in each 
replication to minimize competition effects. Two border rows 
were grown between inbred and hybrid blocks, and consisted of 
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inbreds and hybrids, respectively. Randomizations were made 
independently within inbred and hybrid blocks. Each plot 
consisted of eight hills with three plants per hill (four 
plants in end hills) spaced 101.6 cm apart. The three hills 
on opposite ends of each plot were evaluated for first- and 
second-brood resistance, respectively. The remaining two 
hills in the center of each plot were used as a migration 
buffer and check. Plots had been overplanted and thinned to 
desired stands. 
Data were analyzed by partitioning the variances using 
multiple regression techniques. Genotypic, phenotypic, and 
error correlation coefficients were calculated for first- and 
second-brood resistance and for cavities per shank, stalk, and 
plant. Details of the statistical procedures are given in a 
later section. 
Experiments 106, 107, 59, 60 
Each of these four experiments consisted of a set of nine 
generations and one inbred check grown and evaluated for 
second-brood resistance. Each set included 2^' ^ l* 2^' 
BC^ , BCg, F^ , BS^ , and BSg generations^ . The susceptible in­
bred check for all experiments was WF9. Basic materials and 
methods for all experiments are summarized in Table 1. 
P^^  represents B52, the resistant source parent, in all 
experiments. Pg represents the susceptible parent in all ex­
periments. BSn and BSg represent the respective selfed progen­
ies of BC^  and BC^  generations. 
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Experiments 106 and 107 were grown in 1968 and involved 
(B52 and 1289) and (B52 and B39) as parental lines for each 
respective experiment. Experiments 59 and 60 were grown in 
1969 and involved (B52 and 0h43) and (B52 and WF9) as parental 
lines for each respective experiment. 
Data were analyzed by standard analyses of variances. 
Means of each of the nine generations were used for estimation 
of additive, dominance, and epistatic genetic effects for 
each cross or experiment. Elaboration of the methods used 
will be made in a later section. Genotypic, phenotypic and 
error correlations were calculated for com borer cavities 
in the shank, stalk, and plant. 
Experiment 72 
Two hundred (200) Fg plants and 200 backcross plants 
(100 per backcross) from B52 x Oh43 cross were evaluated for 
second-brood resistance (refer to Table 1) in I969. Selfed 
progeny of each plant, i.e., 200 F^ 's, 100 BS^ 's, and 100 
BSg's, in addition to 2^' ^ 1' ^ 2' ®^ 1' BCg generations, 
were grown in three replications (Experiment 72) in 1971 for 
evaluation of second-brood resistance. 
Basic methods of Experiment 72 are summarized in Table 1. 
Each replication consisted of five blocks. Each block con­
sisted of a random set of 40 F^  lines, 20 BS^  lines, 20 BSg 
lines, and the P^ , ?£» 2^' ®^ 1' BC^  generations. Each 
block had a total of 86 entries. P^ , P2» 2^' and BC^  
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generations were common to all five blocks in each replication; 
a different set of 40 lines, 20 BS^  lines, and 20 BS^  lines 
was represented in each of the five blocks in each replication. 
Block no. 1 contained identical entries across replications; 
block no. 2 contained identical entries for all replications, 
but different entries than those in blocks no. 1, no. 3, no. 4, 
no. 5« etc. All 86 entries were randomized within their re­
spective blocks, and all five blocks were randomized within 
their respective replications. Therefore, each replication 
consisted of 430 entries which were systematically blocked so 
that confounding of any existing microenvironmental hetero­
geneity with entries would be minimized. One-row plots were 
grown for all entries except parental inbreds. Inbreds B52 
and Oh4'3 were grown in three-row plots (two border rows, and 
only the center row used for evaluation). Plots were over-
planted and thinned to the desired density. 
Characters studied were cavities per shank, cavities per 
stalk, cavities per plant, plant height, and dehiscence date. 
Plant height, which was the height to the collar of the plant, 
was measured on 10 consecutive plants in each plot. Dehiscence 
was recorded as the date when 50 percent of the plants in each 
plot were in the pollen shedding stage. Second-brood tech­
niques have been discussed previously. 
Data were analyzed by using a weighted least squares 
method of analysis. A generation mean analysis was conducted 
on all nine generation means to detect any significant reduc­
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tion in variance due to fitting models explaining additive, 
dominance, and epistatic genetic effects. Genetic effects 
were estimated and predicted values made from appropriate 
models. More refined explanation of these methods is covered 
in the Statistical Procedures section. Genotypic, phenotypic, 
and error correlations were calculated for several characters 
aforementioned. Partial and multiple correlations were cal­
culated for certain traits. Percentage heritable variation 
was estimated via several methods and will be presented in 
the Statistical Procedures section. 
Related studies 
At the same time that 200 plants and 200 backcross 
plants from B52 x Oh43 were evaluated for second-brood resis­
tance , a different set of 200 Fg plants and 200 backcross 
plants (100 per backcross) from the same cross were evaluated 
for first-brood resistance on an individual plant basis. 
Similarly, 200 Fg plants and 200 backcross plants from 
the cross of B52 x WF9 were evaluated during the same year for 
second-brood resistance and an equal number of plants evaluated 
for first-brood resistance (refer to Table 1). 
Plans to grow replicated trials of selfed progeny of the 
generations described above were terminated when it became 
apparent that the workload would be too great. However, from 
the individual plant data that were available, estimates of 
genetic variances and heritable variation were calculated for 
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first- and second-brood resistance, Also, phenotypic corre­
lation coefficients were calculated for cavities per shank, 
stalk, and plant. 
Statistical Procedures 
Texts by Steel and Torrie (i960) and Snedecor and Cochran 
(1967) were used as general references for most statistical 
methods applied to data in these studies. 
Designs, models, and analyses of variance 
The general linear statistical model used for individual 
year observations in all Randomized Complete Block Design 
(RCBD) experiments was: 
Y. . = m + B. + T. + e. J , 
where Y^ j = observation of entry in i^  ^replication 
m = overall mean 
= effect of i^  ^replication, i = 1,2,...r 
Tj = effect of entry, j = 1,2,...g 
= random error associated with ij^  ^observation. 
The analysis of variance used for a replicated experiment 
in one environment is presented in Table 2. 
Tests of significance were conducted in all analyses of 
variance using the variance ratio, F. In the above analysis, 
entries mean square was tested against error mean square. 
To assist in evaluating results from different experi­
ments, the coefficient of variability (CV) was calculated for 
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Table 2. Analysis of variance and expected mean squares for 
a RCBD experiment in one environment assuming fixed 
entries 
Source df Expected mean squares 
Replications r-1 
Entries g-1 + rK^  ^
Error (r-1)(g-1) 
Total rg-1 
I^n general definitive terms, is defined as Za^ ./ 
(a-1), where equals a deviation of the i observation of 
fixed component a fromjn^ , and i=l,2,...a. According to 
Snedecor (195^ ), the estimate of is calculated exactly 
2 >-2 like the estimate of a „. The distinction is that a ^  is 
based on observations of a random variable, whereas K ^  is 
based on the fixed effects. 
each character in each experiment in the following manner; 
Se 
CV = ^ 100 
X 
A combined analysis was conducted for Experiments 33 and 
53* Year effects were considered as fixed variables because 
levels of artificial infestation were confounded with year 
effects (refer to Table 1). 
The linear model employed was as follows: 
?ijk = m + Di + Bij + + (DT)^  ^+ Sijk . 
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where ~ observation of entry in replication 
of i year 
m = overall mean 
Dj^  = effect of i^  ^year, i = 1, 2 , . . . y 
B. . = effect of replication within iyear, 
^ J 
j = 1,2,...r 
Tj^  = effect of k^  ^entry, k = 1,2,..,g 
(DT)ik = effect of ik^  ^entry x year interaction 
e^ j^  = random error associated with the ijk^  ^
observation. 
The analysis of variance for the above model is presented 
in Table 3» 
Table 3» Analysis of variance and expected mean squares for 
combined RCBD experiments, assuming fixed year and 
entry effects 
Source df Expected mean squares 
Years y-1 + rgK^  ^
Reps within years y(r-l) 
Entries g-1 + ryK^  ^
Years x entries (y-1)(g-1) + rK^ ?^ 
Error y(r-l)(g-l)(y-l) 
e 
Total yrg-1 
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In accordance to rules for fixed variables, all F tests 
for significance were made against error mean square. 
Diallel analysis 
Experiments 33» 53, and 61 were designed to be analyzed 
for general combining ability (gca). The term "general com­
bining ability" was coined by Sprague and Tatum (1942) to 
designate the average performance of a line in hybrid combina­
tions. The term "specific combining ability" was used to 
designate those cases in which certain combinations do rela­
tively better or worse than would be expected on the basis of 
the average hybrid performance of the lines involved. The 
initial analyses were for the randomized complete block ex­
periments which contained a diallel set of crosses from 10 
inbreds. 
Experiments 33 and 53 contained one set of crosses, but 
neither parents nor reciprocal crosses were included, i.e., 
p(p-l)/2 entries, where p equals number of parents. These 
experiments were analogous to "Experimental Method 4" as 
outlined by Griffing (1956). 
Experiment 61 contained the parents, and one set of 
crosses, i.e., p(pfl)/2 entries, but not reciprocal crosses; 
however, it also was analyzed according to Griffing*s "Experi­
mental Method 4". Orthogonal partitioning of the total varia­
tion among entries using multiple regression least squares 
method of estimation allowed for certain meaningful comparisons 
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which would not have been available had Griffing's "Experi­
mental Method 2" analysis been implemented; e.g., the singular 
comparison of inbreds vs. hybrids, which gave a test for the 
relative expression of heterotic effects in the crosses. 
Variation among inbreds and among crosses was also partitioned 
out of total variation among entries as is evidenced in Table 
4. A test for homogeneity of independent error variances, 
A2 P 
2^ larger a 
and o , was calculated by F - 77^  . Significant F 
c smaller a ^  
values were obtained for most characters studied and the null 
hypothesis, H i , was therefore rejected. Each 
p c 
component mean square from the partitioned variation was 
tested against the appropriate error mean square for that 
component, except for the test of significance for parents vs. 
crosses. This particular component was tested against the 
pooled error mean square due to limited degrees of freedom 
in the denominator. 
Variation among crosses was partitioned to determine if 
significant reduction occurred by fitting gca and sea effects 
according to the following model: 
ïij = m + «1 + g. + s. . . 
. .th 
_ — oDSPr^3"L.i on OT 
' J 
m = mean of crosses 
where Y^ . = bse vati of ij*" cross 
g^  = general combining ability effect of i^  ^entry, 
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Table 4. Partitioned analysis of variance and expected mean 
squares in Experiment 61 with entries assumed fixed 
Source df Expected mean squares 
Reps 2 
Entries 54 
Among parents 9 + rK^ p 
P 
Parents vs. crosses 1 
PC 
Among crosses 44 + rK% 
c 
Error (pooled) 108 
Among parents 18 
P 
Parents vs. crosses 2 
PC 
Among crosses 88 
Total 164 
g- = general combining ability effect of entry, 
J 
j = 1,2,...p 
sUj = specific combining ability effect of ij^  ^cross. 
The above model was followed in analyzing all diallel 
cross experiments from single environment data. The analysis 
of variance for this model is presented in Table 5» 
In the case where Experiments 33 and 53 were combined, 
the following linear model was utilized: 
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Table 5* Analysis of variance and expected mean squares for 
the model explaining gca and sea effects in one 
environment (effects of crosses assumed fixed) 
Source df Expected mean squares 
Among crosses [p(p-l)/2]-l = 44 
gca effects (p-1) = 9 + r(p-2) 
sea effects p(p-3)/2 = 35 + r[2/p(p-3)] 22 s^ .. 
® i<j 
i^jk - m + Si + Gj + + d% + (dg)^ j. + (dg) .J. + (ds)ijk 
where m, , gj, and s^ j are the same as previously 
defined for one environment, and 
dj^  = effect of year, k = 1,2, ...y 
(dg)ij^  = effect of ik^  ^interaction of gca x year 
(dg)jj^  = effect of jk^  ^interaction of gca x year 
(ds)i;jk - effect of ijk^  ^interaction of sea x year. 
The analysis of variance for the above model is illus­
trated in Table 6. 
The gca and sea effects were estimated using the normal 
equations and solving for 3 = (X'X)~^ X'Y, where g is the vector 
of parameters estimated, X is the matrix of parameter coeffi­
cients and Y is the vector of observations used. These esti­
mates stemmed respectively from values among margins and cells 
within margins of a two-way table of diallel cross means. The 
Table 6. Analysis of variance and expected mean squares for the model explaining 
gca and sea effects in more than one environment (years and entries 
assumed fixed) 
Source df Expected mean squares 
Yeans y-1 = 1 
Among crosses [p(p-l)/2]-l = 44 
2 
gca effects p-1 = 9 + ry(p-2/p-l)?^  i 
2 
sea effects p(p-3)/2 = 35 0^  ^+ ry(2/[p(p-3)])^  ^ij 
Years x crosses (y-1)([p(p-l)/2]-l) =44  ^
2 
years x gca (y-l)(p-l) = 9 + r(p-2/p-l)^ %^(^ &) ik 
years x sea (y-l)[p(p-3)/2] = 35 + r(2/[p(p-3)])i,j,k(ds)^ . 
® i<j 
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effects were checked according to the following linear equa­
tions using previously defined parameters: 
îi = PÎF27 =ïi. 
= %ij- 5^  (Yj.. + + (P-1HP-2) 
standard errors (SE) of these effects were calculated as 
follows for one environmenti 
Standard errors of the effects for more than one year of data 
were derived by incorporating (y) into the denominator of each 
equation. Conventional t-tests for significance were made for 
all individual effects when the reductions due to fitting those 
effects pooled were significant in the analysis of variance; 
for each individual estimated gca and sea effect, respectively. 
Each t-value was tested for significance using degrees of free­
dom of the appropriate error source from the analysis of 
variance. 
Various other standard errors were calculated in Experiment 
61 as follows: 
, where i / j 
e.g. I 
t = gi/SECg^ ) 
and t = s. ./SE(s. .) 
i J i J 
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standard error of a parent, SE(p), = //r 
— / /\ 2 Standard error of a cross, SE(c), =/ c /r 
standard error of a parental cross mean, 
SE(^ ), =y'a^ g /[^ (P-I)] 
was used in lieu of in the latter two equations when 
c 
applied to Experiments 33 and 53» 
Generation mean analysis 
Experiments 106, 107. 59. 60, and 72 were designed for the 
generation mean analysis. The initial analysis of each experi­
ment was for the randomized complete block design which con­
tained the P^ , Pg, F^ , Eg, BC^ , BCg, F^ , BS^ , and BSg genera­
tions from a cross as the fixed entries. If the initial 
analysis of variance indicated there were differences among 
generations, successive genetic models were fit to explain 
differences among generations on the basis of kind of genetic 
effects. The theory, mathematical models, procedures of 
analysis, empirical examples, and genetic interpretations of 
the calculated parameters derived from generation mean analysis 
were presented in detail by Hayman (1958, I960) and Gamble 
(1962), and are interposed, briefly, here. 
Hayman defined his base population as the Fg from a cross 
of two inbred lines. Parameters to describe each generation 
were defined relative to the Fg generation mean by writing out 
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the theoretical genotypes and genotypic frequencies in terms 
of one locus, as illustrated by Mather (19^ 9) and Mather and 
Jinks (1971). according to the following model* 
aa MP F, Fn (Aa) AA 
I Z 2^ 1_1 , 
< h >1 : 
|< d h d >1 
e.g., Fg = l/4aa : l/2Aa » 1/4AA 
Then Hayman equated each generation to the midparent of the 
above model plus or minus the effects due to gene substitution; 
e.g., l/4aa was -l/4d, l/2Aa was l/2h, and 1/4AA was l/4d, and 
summed over like terms. Therefore, = MP + l/2h + (-l/4d) + 
l/4d = MP + l/2h. Next, Hayman equated all generations to the 
Fg generation by setting Fg = MP + l/2h = m and substracting 
m from all other generations. 
Genetic parameter estimates were determined according to 
the following linear equation: 
P p 
Generation mean = m+ad+ 3h+a i + 2agj + 3 X , 
where m = MP + l/2h = Fg mean 
a = coefficient of the additive genetic parameter 
3 = coefficient of the dominance genetic parameter 
d = additive genetic effects summed over loci 
h = dominance genetic effects summed over loci 
i = additive x additive genetic effects summed over loci 
j = additive x dominance genetic effects summed over loci 
i a dô^ riaiice X dominance genetic effects 5u=cd ever 
loci 
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The notation for defining parameters as proposed by Gamble 
(1962) was used for interpretation of the generation mean 
analysis of each experiment since the meaning is more readily 
apparent. The alternative parameterizations are as follows: 
Genetic effect 
mean 
additive 
dominance 
additive x additive 
additive x dominance 
dominance x dominance 
Hay man (1958) Gamble (1962) 
m 
d 
h 
i 
j 
Si 
m 
a 
d 
aa 
ad 
dd 
Assumptions necessary for expression of generation means 
as linear functions of the above parameters are (1) two alleles 
per locus, (2) symmetry, i.e., most positive alleles occur in 
one parental line and most negative alleles occur in the other 
line, (3) no linkage, (4) environmental effects and genotypic 
effects are additive, and (5) no higher order epistasis. 
In matrix notation the parameters are related to the nine 
generations grown in each experiment in the following manner: 
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~^ 1 1.0 1.0 —0*5 1.0 -1.0 0.25 ~ m 
2^ 1.0 — 1.0 -0.5 1.0 1.0 0.25 a 
Fl 1.0 0.5 0.25 d 
2^ 1.0 aa 
BC^  1.0 0.5 0.25 ad 
BC2 1.0 -0.5 0.25 dd 
3^ 1.0 -0.25 0.0625 
BS^ 1.0 0.5 -0.25 0.25 -0.25 0.0625 
BSg 1.0 -0.5 -0.25 0.25 0.25 0.0625 
In accord to notation used by Darrah and Hallauer (1972), 
Y = X3, where Y is the vector of generations, X is the matrix of 
coefficients, and 3 is the vector of parameters. The normal 
equations were obtained as X'Y = X'X3, and the solutions by 
(X*X)~^ X*Y = g, for estimating genetic effects. The reduction 
A 
in sums of squares due to regression is 3'X'Y and the total 
uncorrected sum of squares for generations equals Y'Y. Reduc­
tion due to m is noted by R(m). Reduction due to fitting a 
and d after m is represented singularly by R(a/m) and R(d/m), 
and plurally by R(a,d/m). Predicted values were calculated as 
Y = Xg for each respective model. 
Two successive regression models were fit using components 
of the above X-matrix. The first regression model, defined as 
Model 1, consisted of the first three columns of the coeffi­
cient matrix and the three parameters, m, a, and d. The 
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linear function of Model 1 using Gamble's notation is 
Y. = m + a . a + 3 . d  , 
X u. X 
where = observation of i^  ^generation mean 
m = mean of Fg generation 
a^ a = additive effects for i^  ^generation mean summed 
over loci 
B^ d = dominance effects for i^  ^generation mean summed 
over loci 
The analysis for Model 1 is presented in Table ?• 
Table ?• Analysis of variance using Model 1 for a given cross 
in one experiment 
Source df Sum of squares 
Generations 8 Y'Y - R(m) 
a, d 2 g'X'Y - R(m) = R(a,d/m) 
Residual 6 Y'Y - 3'X'Y 
If, after fitting Model 1, residual mean squares were not 
significant when tested against error mean squares, then the 
preponderance of variation was accounted for by additive and 
dominance effects summed over loci. In this case, unique 
estimates of additive (a) and dominance (d) effects were ob­
tainable since the effects of epistasis were not detectable. 
A significant residual mean squares indicated a failure 
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to fit the nonepistatic Model 1 and was a probable indication 
of epistasis. Then Model 2, which includes the entire X-matrix 
and all 6 parameters (m, a, d, aa, ad, and dd), was applied to 
the generation means data. 
This digenic epistatic model is represented in linear 
form by 
9 ? 
= m + a^ a + 3^ d + a'^ aa + 2a^ g^ ad + t3 d^d 
The analysis for Model 2 is presented in Table 8. 
Table 8. Analysis of variance using Model 2 for a given cross 
in one environment 
Source df Sum of squares 
Generations 8 
a,d,aa,ad,dd 5 
Deviations 3 
Y'Y - R(m) 
B'X'Y - R(m) = R(a,d,aa,ad,dd/m) 
Y'Y - B'X'Y 
The reduction due to fitting aa, ad, and dd was calcu­
lated as R(a, d, aa, ad, dd/m) - R(a, d/m) and represents two-
factor epistasis. The complete analysis and various reduc­
tions due to partitioning the variation exhibited by the nine 
generation means are presented in Table 9» 
By fitting the appropriate aforementioned models, and 
combining them into an analysis as described in Table 9, it 
could be determined if and how all the variation due to 
Table 9- Analysis of variance for a given cross in one environment (generations 
are considered fixed) 
Source df Sum of squares Expected mean squares 
Replications r-1 
Generations 8 Y'Y-R(m) = + r 
a, d 2 R(a,d/m) = Sg + r 
a 1 R(a/m) + r 
d 1 R ( d/a, ra ) + r 
Residual 6 Si - Sg = S3 + r K'res 
Epistasis (aa.ad.dd) 3 R(a,d,aa,ad,dd/m)-
R(a,d/ra) = S^  ^
+ r 
*2 
aa,ad,dd 
Deviation 3 S3 - Sj^  + r dev 
Error 8(r-l) 
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generation means was distributed. 
If, after fitting Model 2, deviation mean square was not 
significant, then the preponderance of variation was explained 
by the six parameters and Model 2 would be considered a good 
fit. Since coefficients for parameter a were orthogonal to 
coefficients for parameter m, reduction due to fitting a, 
R(a/m), was partitioned out separately. Similarly, orthogo­
nality of columns two and three in the X-matrix for a and d 
parameters allowed independent partitioning of reduction due 
to fitting d after fitting a and m, i.e., R(d/a,m). This was 
of interest in order to examine the magnitude of reduction 
exhibited by additive effects as compared to dominance effects. 
If epistasis was significant, the estimates of epistatic 
effects would be unique, but the estimates of the additive 
and dominance effects would be confounded with some epistasic 
effects (namely, additive with additive x additive effects, 
and dominance with dominance x dominance effects) due to lack 
of orthogonality between coefficients of parameters m, a, and 
d, and aa, ad, and dd. Reductions due to singular components 
of epistasis, e.g., R(aa/a,d,m), could not be made, due to the 
same lack of independence and orthogonality as above. A sig­
nificant deviation mean squares was indicative of higher order 
epistasis or linkage or both, and showed that Model 2 was not 
adequate to explain all variation on the basis of genetic 
effects. 
5^ 
Estimation of eenetic variances, heritable variation, and 
eenetic gain from selection 
Genetic variances Experiment 72 was designed so that 
genetic variances could be estimated from a random set of 200 
FJ lines, 100 BS^  lines, and 100 BSg lines for B52 x Oh43 
cross. Each line represented the respective selfed progeny of 
random Fg, BC^ , and BCg plants which had been evaluated for 
second-brood resistance on an individual plant basis during a 
previous year. 
Blocking procedures for the field design of Experiment 72 
have been described in an earlier part of the Materials and 
Methods section and will not be reiterated here. Variation 
among entries within blocks was partitioned according to the 
format presented in Table 10. 
Although no test for homogeneity of error variances was 
conducted, e.g., Bartlett's test, observation of error mean 
squares associated with respective partitioned components left 
little doubt that heterogeneity of error variances did exist 
for most characters studied. These findings prompted the use 
of components of the partitioned error variance, i.e., , 
1 
, and , in determining genotypic variances for re-
®2 ®3 
spective populations. The genotypic variance for each popula­
tion (F^  = 1, BS^  = 2, and BSg = 3) was estimated as follows: 
2^ MS. - MS(E.) 
a = , where i = 1, 2, or 3 
Table 10. Analysis of variance and expected mean squares for Experiment 72 
(generations are considered fixed) 
Q b 
Source df Mean squares Expected mean squares 
Replications r-1 = 2 
Blocks/reps r(b-l) = 12 
Among entries/blocks b(g-l) 425 
Among F^ 's/blocks btn^ -l) = 195 MS^  + r 
Among BS^ 's/blocks bfng-l) 95 + r 
Among BSg's/blocks 
Among generations/blocks 
b(n^ -l) 
b(n^ -l) = 
95 
40 
MSj + 
+ 
r 
r gen 
Error (pooled) rb(g-l) 850 
Error (among F^ 's) rb(n2-l) = 390 MS(E^ ) 
Error (among BS^ 's) rb(n2-l) = 190 MS (Eg) 
Error (among BSg's) rb(n^ -l) = 190 MS(Ej) 
Residual error rb(n^ -l) = 80 
n^, = number Fo entries per block = 40; n^  = number BS, entries per block = 20; 
n^  = number BSg entries per block = 20; n^ = number generations entries per block = 9-
b 2 2 2 
o g^ , a g^ , and a are estimates of genotypic variances associated with F^ , 
and BSg generations, respectively. 
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Broad sense heritability Heritability in the "broad 
sense" was then estimated from variation among means as 
follows; 
h (broad sense) = —% =— (progeny mean basis). 
(0=2 /r) + 0^  
®1 ®1 
Narrow sense heritability Heritability computed on 
the basis of additive genetic variance ("narrow sense" 
heritability) was of more interest, however, because it 
better indicated the degree to which the progeny of the Fg 
plants or families would resemble their parents. The basic 
2 
method used for estimating the additive genetic variance, a 
was presented by Warner (1952). Warner's estimate was based 
entirely on the variances within the F^ , BC^ , and BCg popula­
tions as follows: 
+ V^ BCg) . 
(Parameters are defined in Table 11). This approach was 
applied to Fg, BC^ , and BCg generations prior to their selfed 
progenies, F^ , BS^ , and BSg, being grown in Experiment 72. The 
standard error for was calculated by; 
&1 
SE(&2 )= 
1^ 
, 2(V„BC2)2 
' df +  2  / d f + 2  d f + 2  
Heritability in the "narrow sense" was then estimated on an 
individual plant basis as follows: 
2 1 h = y v, (per plant basis) 
w^ 2 
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The aforementioned methods underwent some modifications 
when applied to the F^ , BS^ , and BSg populations. Components 
of variation in Pg» backcrosses, and their derivatives have 
been presented by Mather and Jinks (I97I). A modified summary 
of the components of variation relevant to my study are pre­
sented in Table 11 for the reader's perusal. 
Table 11. A summary of components of variation in the 
BCt,  BCp and their derivatives (Mather and Jinks, 
1971)* 
Statistic Ew Sampling variation 
V Fo 1 1 1 w 2 
V_F_ 
Yb?] 1 1/U 1 w 2 n 
1/2 1/2 1 
V BCt+V BCg 1 2 2 w 1 w 2 
V BS,+V BSo 
VbBSl+VbBSg 1 1/2 2 w 1 w 2 n 
VwBSi+V^ BSz 1 1 2 
and are phenotypic and error variation within 
families, respectively. and are phenotypic and error 
variation between families, respectively, n is the number of 
individuals in the family. 
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2 From Table 11 it is evident how a ^  was estimated for the 
Fg by ^ (V^ Fg) - (V^ BC-]_ + V^ BCg). The estimation of  ^for 
the F^  generation is not so easily seen. Since individual 
plant data were not available, V^ F^  could not be estimated. 
The variation attributable to the components contained therein 
was explained therefore, along with and the sampling varia-
2 tion, as component parts of the error variance, a , associ­
ai 
ated with V^ F^ , or MS^  in Table 10. The variation attributable 
to BS^  + BSg families was viewed similarly. The reason for 
A 2 A 2 A 2 lack of homogeneity among error variances cf . , a , and a 
®1 ®2 
may lie in the above explanation. Due to this apparent hetero-
2 geneity of error variances, a _ for the F^  generation was es-3- J 
timated as follows: 
3% = . 
or = 2a\ + 2(1/W\) - - 1/Za\ = . 
Parameter definitions and coefficients for the above are found 
in Tables 10 and 11. 
Similar algebraic manipulations were used to calculate 
dominance variances; e.g.. 
S\ = it 
®2 ° e?' " ° Si 
The standard error for was calculated as follows: 
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22[MS(E^ )]^  ^
H 
df+2 df+2 df 2 
2[MS(Ep) ]^ |  /2(MS_)2 2[MS(E.p) ]^^  
df+2 * \ d; '4-2 df+2 
A2 The standard error for o ^  was calculated as follows: 
V 
SE(a^ )^ = (4)' /'2(MS2) 2[MS(E2)]' 
df+2 df+2 
/2(MSo) 
2— + 
df+2 
2[MS(E^ )]' 
df+2 
2[MS(E^ )]' 
df+2 df+2 
Heritability in the "narrow sense" was then estimated on 
a progeny mean basis by: 
h2 = y -p (progeny mean basis) 
b^-^ 3 
A weighted average estimate of a ^ (ayg.a was desired 
for predicting genetic gains and was calculated as follows; 
SpS^  + SnoZ 
AO  ^ X 
avG'* a = ip-i; ' 
where o' = estimate of a  ^from F21 BC^ » and generations, 
^ 2 a  ^ = estimate of a  ^from F^ , BS-, , and BS^  generations, 2^ &  ^ J-  ^
Sn = SE (jZ ) 
'1 
=2 = SE Co^ )^ 
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Parent-progeny regression Parent-progeny regression 
also was used to estimate the heritability of the traits 
studied. In this particular case, the mean of each progeny 
(P^  family mean obtained from Experiment 72) was regressed on 
its respective parent (individual Pg plant) according to the 
following model: 
Yj = bXj^  + 
where = mean of i^  ^ family 
= observation of i^  ^Pg plant 
b = regression of on 
= error associated with the Y^ 's 
The objective was to find: 
Cov„ „ 
where 2xy = 2XY - (ZXZY/n) , 
Ex^  = - [(Z:X)2/n] 
According to Mather and Jinks (1971). 
= |D + . 
-
Therefore, b = — was a good estimate of heritability 
2 (h ) in a "broad sense" on an individual plant basis, assuming 
no significant epistasis or genotype x environment interaction 
present. The standard error for b was calculated as follows: 
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SE(b) = 
Standard unit he rit ability Standard unit heritability, 
as proposed by Frey and Homer (1957). was obtained by calcu­
lating the parent-progeny regression (as described above) on 
data coded in terms of standard deviation units; i.e., x/cr^ ; 
where x = observation of the variable 
= standard deviation of the variable. 
This method was used to minimize any scaling factor be­
tween the F2 and generations which may have occurred as a 
result of a particular type of genotype x environment inter­
action. 
Realized heritability The "realized" heritability also 
was estimated for the number of cavities per stalk and plant 
in the B52 x 0h43 cross material as follows: 
"Realized" ^^  
1 ==3 -
where = selection differential between a selected sample 
mean (X^ ) and the overall mean (ix^ ) of the Fg , 
and Dg = differential (observed gain) between the mean of the 
selfed progenies of X_ (X* ) and the overall mean 
(Yg) of the F^  
The selection differential was arbitrarily defined as the 
top 10^  of the Fg population. Theoretically, any selection 
differential should provide the same "realized" heritability 
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estimate, whether it be a S'f" or ^ 0^  selection differential; 
however, small samples normally produce larger standard errors 
in estimations and a 505^  selection intensity would probably re-
suit in a better estimate of "realized" h than a 5^  selection 
intensity. It must be pointed out here that progenies of the 
Fg plants were grown. This was necessary to provide a refer­
ence point, within each generation, for the mean of the 
selected sample. 
Genetic &ain Estimates of genetic gain were calculated 
to compare different breeding methods using appropriate modifi­
cations of the following formula which was discussed by 
Eberhart (1970)i 
G = £HS = flLil 
where G = estimate of genetic advance 
c = parental control 
2 
a , (additive genetic variance) 
H = heritability = -p" 
cf (phenotypic variance) 
D = selection differential = (X^  - X) = , 
where X^  = mean of selected families 
Y = overall mean 
k = function of selection intensity 
= phenotypic standard deviation , 
y = number of years per cycle  ^  ^
and . = phenotypic variance = (a^  + —^  
Ph ê r rl • 
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A more thorough explanation of the utilization of the 
abovementioned formula is available in the reference cited. 
Genotypic. phenotypic, and error correlations 
Genotypic, phenotypic, and error correlations were cal­
culated for characters in Experiments 61, 106, 107. 59, 60, 
and 72. The specific formulae employed in these calculations 
are presented in the following section: 
Gov 
e>YY 
Genotypic correlation (r ) = 
Gov + a 
syv XY 
Phenotypic correlation (r ) = 
(Var +a )(Var +a ) 
% ®X % ®Y 
XY Error correlation (r^ ) = 
(3^  )(ô2 ) 
®X ®Y 
M.C.P.. -
YY YY 
where Gov = » 
X^Y r 
with M.C.P.. = mean cross product term for treatments 
X^Y 
obtained from the analysis of co-
variance 
a = mean cross product term for error ob-
®XY 
tained from the analysis of covariance, 
and 
r = number of replications used in the 
experiment; 
and where 
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M.S.+ -
Var = i^  
s r 
with M.S.^  = treatment mean square term obtained 
from the analysis of variance, and 
a g = mean square term for error obtained 
from the analysis of variance. 
The phenotypic correlation coefficient (r^ ) between 
traits in the Fg generation was calculated as follows: 
2 
where r ^  = coefficient of determination 
b^ Y - regression coefficient from fitting Y on X 
by^  = regression coefficient from fitting X on Y 
2xy = 2yx = sum of cross products of both variables 
2 Zx = sum of squares of deviations of variable X 
2 
and Zy = sum of squares of deviations of variable Y. 
Partial and multiple genotypic and phenotypic correlation 
coefficients were calculated according to the following gen­
eralized formulae: 
Partial correlation between Y and X^  with Xg fixed: 
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Partial correlation between Y and Xg with X^  fixed: 
(zYXg'^ YXirx^ Xg) 
(l-r^ YX^ )(l-r x^ x^ ) 
Multiple correlation between Y and (X^  amd Xg): 
«Ï.XiX^  (1-r^ y y ) 
where Y = independent variable, and X^  and Xg are dependent 
variables. 
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RESULTS AND INTERPRETATIONS 
The results of these investigations are presented in 
approximately the same order as discussed in the Materials 
and Methods section of this dissertation. 
Diallel Analyses 
Experiments 33 and 53 
The analyses of variance for mean number of cavities per 
plant in Experiments 33 and 53 are presented in Table 12. The 
variation due to general combining ability was highly signifi­
cant for both experiments, but specific combining ability was 
not significant, thus indicating the importance of additive 
gene action conditioning second-brood resistance in this set 
of diallel crosses. 
The high coefficient of variability for Experiment 33 was 
attributed to low levels of artificial infestation (refer to 
Table 1) which resulted in a low overall mean number of cavi­
ties per plant as evidenced in Table 13. Also, the low levels 
of artificial infestation in Experiment 33 resulted in a more 
narrow range of phenotypic variation and, possibly, in less 
precise evaluations of genetic resistance than was obtained 
in Experiment 53 (Table 14). For these reasons, genetic inter­
pretations made from Experiment 33 or combined experiments may 
not be as meaningful as interpretations made from Experiment 
6? 
Table 12. Analyses of variance for mean number of cavities 
per plant for all entries in Experiments 33 and 53 
Mean squares 
Exp. 33 Exp. 53 
Source df (I963) (1965) 
Replications 2 7.26 13.57 
Entries 44 2.14** 7.60** 
gca 7 5.71** 33.22** 
sea 35 1.22 1.07 
Error 88 0.81 0.91 
Total 134 
cv (#) 35.7 25.4 
^^ Significant at the 1^  level. 
The analysis of variance for combined experiments is pre­
sented in Table 15• As suspected, year effects were highly 
significant due to confounding of infestation levels with 
years. Variation due to general combining ability was highly 
significant and a significant year x gca interaction was de­
tected. The reason for this interaction is evidenced in Table 
16 where gca effects are presented for individual experiments. 
A negative (-) effect implies combining ability for resistance; 
a positive (+) implies susceptibility. Three inbreds exhibited 
significant gca effects in 19^ 3; six inbreds had significant 
Table 1]. Mean number of cavities per plant per hybrid (above diagonal) for Experi­
ment 33J estimates of general (gca) and specific (sea) combining ability 
effects are below the diagonal 
Mean of 
B52 RlOl HD2187 B64. B55 Hy WF9 W22 0h43 M14 crosses 
B52 — — — 1.4 3.0 1.9 2.2 2.4 1.8 3.1 1.4 3.6 2.31 
RlOl 
-. 56 — — — 2.3 1.5 1.9 3.2 4.1 2.6 1.6 1.5 2.25 
HD2187 .47 - « 14" 2.4 2.1 2.6 2.4 4.4 2.0 3.5 2.32 
B64 -.16 
-.47 -.14 — 1.8 2.5 2.0 3.5 2.3 3.0 2.32 
B55 .04 -. 17 -.54 -.37 — 2.4 2.0 3.9 2.5 2.9 2.41 
Hy -.16 
.73 -.44 -.07 -.27 — — — 2.2 4.5 1.9 3.2 2.77 
WF9 -.27 2.12 -. 16 -.08 -.18 -.38 — — — 3.2 1.3 2.0 2.33 
W22 -.18 
-.59 •63 .20 .50 .70 -.11 — — — 1.5 4.0 3.41 
Oh43 -.12 .17 -.01 .77 .87 -.13 -.24 -1.26 — — — 2.1 1.84 
M14 .94 -1.09 .33 .32 .12 .02 1 0
 
.11 -.05 — 2.87 
gca 
effects -.24 
-.33 .25 -.23 -.13 .27 -.22 1.00** -.76** .39* 
SE(g^ ) = 0.17; SE(c) = 0.5} SE(pc) = 0.17 
Table 14. Mean number of cavities per plant per hybrid (above diagonal) for Ex­
periment 53» estimates of general (gca) and specific (sea) combining 
ability' effects are below the diagonal 
Mean of 
B52 RlOl HD2187 B64 B55 Hy WF9 W22 0h43 M14 crosses 
B52 1.3 2.4 0.7 1.6 1.5 1.7 2.7 1.8 4.1 1.98 
RlOl .20 3.5 1.8 2.9 4.1 3.5 4.7 2.2 4.7 3.19 
HD2187 .85 .59 — — — 2.4 3.2 4.2 3.8 5.0 2.3 5.6 3.60 
B64 -.01 
-.27 -.12 — — — 3.0 4.6 2.6 3.0 1.9 5.7 2.86 
B55 -.22 -.19 -.34 .20 — — — 4.1 4.3 4.8 4.4 5.4 3.74 
Hy 
— a 80 .44 .09 1.33 -.09 — — —  3.8 5.5 4.1 6.3 4.24 
WF9 - .27 . 16 .01 
-.35 .34 -.74 6.5 3.7 5.8 3.97 
W22 -.27 .26 .11 -1.05 — « 16 -.14 1.19 — —  4.9 7.2 4.92 
Oh43 .34 -.62 -1.07 -.54 .95 .08 .00 .11 —  —  —  6.4 3.52 
M14 .18 
- .57 -.12 .81 -.49 -.17 -.34 -.05 .75 —  —  —  5.69 
gca 
effects -2.02 -.66** -.20 -1.04** .03 .54** .22 1.32** -.29 2.16** 
SE(gj^ ) = 0.18; SE(c) = 0.6; SE(^ ) = 0.18 
**Significant at the Vfc level. 
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Table 15• Combined analysis of variance for mean number of 
com borer cavities per plant for entries in Ex­
periment 33 and 53 
Source df Mean squares 
Years 1 106.03^  ^
Replications/years 4 10.41 
Entries 44 6.82** 
gca 9 28.66** 
sea 35 1.34 
Years x entries 44 2.93** 
Years x gca 9 10.27** 
Years x sea 35 0.96 
Error 176 0.86 
Total 269 
CV (^) = 29.7 
••Significant at the 1^  level. 
gca effects in I965. The simple correlation of gca effects 
between years was nonsignificant (r = O.O7), which further 
supports the suggestion that combining the experiments may not 
necessarily produce the most meaningful genetic interpreta­
tions. The gca effect for B52 was not significant in Experi­
ment 33; in Experiment 53 and in similar studies conducted 
later, B52 expressed high general combining ability for second-
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Table 16. Summary of estimates of gca effects for mean number 
or cavities per plant in isxperiments 33 and 53 
gca effect 
Exp. 33 Exp. 53 
Inbred (1963) (1965) 
B52 -.24 -2.02** 
RlOl 
-.33 -.66** 
HD2187 .25 —. 20 
B64 
-.23 -1.04** 
B55 -.13 .03 
Hy .27 .54** 
WF9 -.22 .22 
W22 1.00** 1.32 
Oh43 -.76** 
-.29 
M14 
.39* 2.16** 
**,*Signifleant at the 1^  and 5^  levels, respectively. 
brood resistance. The gca effect for Oh^ 3 in Experiment 33 
was highly significant for expression of resistance in hybrid 
combination. Later studies have indicated Oh^ 3 to express 
susceptibility in hybrid combination. These apparent incon­
sistencies were attributed to poor evaluation of resistance in 
Experiment 33» which also tended to deflate most gca effect 
estimates coming from the combined data. Mean number of 
cavities per plant and estimates of gca and sea effects for 
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combined experiments are presented in Table !?• 
In summary, Experiment 53f alone, provided better data 
than did Experiment 33 or the combined experiments for genetic 
analysis because of the heavier com borer infestation and 
greater phenotypic differentiation. Second-brood resistance 
in this set of crosses appears to be conditioned more by 
additive genetic effects than nonadditive genetic effects. 
Experiment 6l 
The analyses of variance for mean number of cavities per 
shank, stalk, and plant, and for visual rating of leaf feeding 
in Experiment 61 are presented in Table 18. Variation result­
ing from the orthogonal comparison of parents vs. crosses was 
highly significant for each trait being considered. This com­
parison represents the average heterosis contributed by the 
particular set of parents used in the crosses and is attribut­
able entirely to nonadditive genetic effects. The variation 
due to gca effects was highly significant for each trait. 
Also, the variation due to sea effects was highly significant 
for each trait. For all traits, however, the mean squares for 
gca effects exceeded the mean squares for sea effects by ten­
fold or more, thus indicating the relative importance of addi­
tive genetic effects to nonadditive genetic effects condition­
ing resistance in this set of diallel crosses to both broods 
of the European com borer. These results are in close agree­
ment with genetic interpretations made from Experiments 33 and 
Table 1?. Mean number of cavities per plant per hybrid (above diagonal) for Experi­
ments 33 and 53 combined; estimates of general (gca) and specific (sea) 
combining ability effects are below the diagonal 
Mean of 
B52 RlOl HD2187 B64 B55 Hy WF9 W22 0h43 M14 crosses 
B52 w « aa 1.3 2.7 1.3 1.9 1.9 1.7 2.9 1.6 3.8 2.12 
RlOl 
-.19 — — —  2.9 1.6 2.4 3.6 3.8 3.6 1.9 3.1 2.69 
HD2187 .68 .24 2.4 2.6 3.4 3.1 4.7 2.1 4.5 3.16 
B64 —. o6 -.40 -.14 2.4 3.5 2.3 3.2 2.1 4.3 2.57 
B55 -.11 -.15 -.49 —. 02 —  —  —  3.3 3.1 4.3 3.4 4.1 3.06 
Hy 
CV
J 1 
.54 -.20 . 66 
O
v
 1—Ï 1 
— 3.0 5.0 3.0 4.7 3.49 
WF9 -.30 1.16 -.08 -.21 .14 -.58 —  —  —  4.8 2.5 3.9 3.13 
W22 -. 24 -.18 .39 -.45 .20 . .29 .51 —  — —  3.2 5.6 4.14 
Oh43 .12 -.21 
-.55 .11 .86 -.05 — # 12 -•56 —  —  —  4.3 2.68 
M14 .52 —. 81 .15 .51 -.24 -.05 -.52 .04 .40 —  -  —  4.26 
gca 
effects -1.14** 
-.51** .03 -.63** -.08 .43** .01 1.14** -.52** 1.28** 
SE(g^ ) = .13; SE(c) = 0.4; SE(pc) = 0.3 
**Significant at the 1^  level. 
Table 18. Analyses of variance for mean number of cavities per shank, stalk, and 
plant, and for visual rating of leaf feeding for all entries in Experi­
ment 6l 
Mean squares 
Source df 
Cavities 
per 
shank 
Cavities 
per 
stalk 
Cavities 
per 
plant 
Visual 
rating 
of leaf 
feeding 
Replication 2 2.29 50.07 70.77 1.19 
Entries 54 2.16** 26.08** 30.59** 16.20** 
Among parents 9 4.16** 67.51** 97.67** 24.18** 
Parents vs. crosses 1 1.62** 161.98** 192.44** 19.24** 
Among crosses 1.7%** 14.44** 22.86** 14.79** 
gca 9 6.82** 51.06** 85.16** 65.93** 
sea 35 0.48** 5.02** 6.65** 1.64** 
Error 108 0.19 2.18 2.83 0.43 
Error (among parents) 18 0.26 4.26 3.77 0.23 
Error (parents vs. crosses) 2 0.23 12.52 13.37 1.07 
Error (among crosses) 88 0.18 1.52 1.99 0.45 
Total 164 
GV (#) 28.5 18.3 17.5 11.1 
**Significant at the 19^  level. 
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53 for second-brood resistance. Since the crosses originated 
from a fixed set of parents, the above comparison is valid; 
i.e., the difference in expected mean squares is strictly a 
function of the estimates of the fixed gca and sea components. 
The high CV for cavities per shank (28.5^ ) resulted al­
most entirely from the overall low means exhibited for that 
trait, as evidenced in Table 19» The CV's for cavities per 
stalk and plant were considerably larger than the CV for first-
brood leaf feeding. This difference probably was a function of 
the different methods used in evaluating com borer damage, as 
previously explained in the Materials and Methods section. 
Mean number of cavities per stalk and plant are presented 
in Tables 20 and 21. Tables 19, 20, and 21 also present the 
estimates of gca and sea effects for the different traits 
studied for second-brood resistance. Standard errors associ­
ated with these estimates and standard errors of different 
means, as defined in the Statistical Procedures section, also 
are presented in these tables. 
Inbreds B52 and CI3IA uniformly exhibited the highest 
general combining ability for second-brood resistance. 54-9 
and B37 also had highly significant estimates of gca effects 
for second-brood resistance. B52 x B49 had the lowest mean 
number of cavities per stalk and plant, and the highest spe­
cific combining ability for resistance in all crosses. WF9 and 
W22 had the highest incidence of second-brood damage in hybrid 
combination for all inbreds. 
Table 19. Mean number of com borer cavities per shank in Experiment 6l (hybrids 
above diagonal, inbreds - diagonal); estimates of gca and sea effects are 
below the diagonal 
Mean of 
B52 RlOl B14A CI3IA Oh43 B49 B37 Hy WF9 W22 crosses 
B52 0.8 0.8 0.9 0.5 0.8 0.6 0.7 1.3 2.6 2.4 1.06 
RlOl 
- • 1? OJ 1.1 0.9 0.9 1.0 1.4 1.2 2.4 2.2 1.32 
B14A .01 .03 1.0 0.7 0.7 0.7 1.1 1.8 3.2 1.2 1.27 
CI31A -.22 .02 -.12 0.8 1.4 1.0 0.8 1.3 1.8 1.5 1.10 
Oh43 -.02 -.08 -.22 .67** Izl 1.1 0.8 1.2 1.7 2.1 1.19 
B49 -.30 -.06 -.30 .19 .19 1.0 0.9 1.5 3.2 1.3 1.26 
B37 -.16 .38 .14 .03 -.07 -.05 1.8 1.5 1.7 2.1 1.22 
Hy .02 
-.25 .42 .10 —. 10 .13 .17 2.1 2.9 1.7 1.60 
V/F9 .22 
-.15 .72** -.50* -.70** .73** -.73** .03 w 3.7 2.50 
W22 .62** .28 -.68** -.17 .33 -.53* .29 -.52** .38 UL 2.02 
gca 
effects 
-.33** -.17* -.23** -.42** -.32** -.24** -.28** .14 1.24** .61** 
SE(g^ ) = 0.08 ; SE(s^  • ) — 0.21; SE(p) — 0. 
J 
3; SE(c ) = 0. 2; SE(^ ; ) = 0.08 
**,*Significant at the 1% and 5% levels, respectively. 
Table 20. Mean number of corn borer cavities per stalk in 
in Experiment 6l (hybrids above diagonal; inbreds -
diagonal); estimates of gca and sea effects are 
below diagonal 
B52 RlOl B14A G131A Oh43 
B52 2.0 4.7 7.0 3.3 5.3 
RlOl 
-.47 6.8 6.6 9.0 
B14A 1.64* -.92 8.1 5.5 7.6 
CI31A 
-.35 .59 -.70 7.8 
0h43 -.85 .49 -1.10 .81 12.1 
B49 -2.62** -.29 -.07 .44 .84 
B37 1.64* .29 .89 .70 -.60 
Hy -2.09** -.05 .06 -.22 -1.02 
WF9 2.90** -.06 . 65 -1.04 -.34 
W22 ,20 .43 
-.45 -.23 1.77* 
gca 
effects -2.40** -.04 .15 -1.56** .94* 
SE(g^ ) = 0.24; S2(Sij) = 0.63; SE(g) = 1.2; 
••.•Significant at the 1% and levels, respectively. 
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B49 B37 Hy WF9 W22 
Mean of 
crosses 
1.9 6.0 3.5 9.7 7.9 5.48 
6.6 7.0 7.9 9.1 10.5 7.58 
7.0 7.8 8.2 10.0 9.8 7.74 
5.8 5.9 6.2 6.6 8.3 6.22 
8.7 7.1 7.9 9.8 12.8 8.44 
6.4 6.6 9.4 9.4 7.6 7.00 
.53 11.3 7.4 5.2 8.7 6.86 
2.10** .26 16.0 9.8 11.2 7.94 
.89 -3.14** .22 14.4 11.6 9.02 
•1.82** 
-.56 .74 -.08 16.7 11.68 
-.69** -.85** .38 1.59** 2.48** 
SE(c) = 0.7; SE(pc) = 0.24 
Table 21. Mean number of corn borer cavities per plant in 
Experiment 6l (hybrids above diagonal; inbreds -
diagonal); estimates of gca and sea effects are 
below diagonal 
B52 RlOl B14A CI3IA 0h43 
B52 2.8 5.5 7.9 3.8 6.1 
RlOl 
— .65 9.2 7.9 7.5 9.9 
B14A 1.62* 
—. 90 111 6.2 8.3 
CI3IA -.56 .61 -.81 ZJ: 9.3 
0h43 -.89 .39 -1.34 1.58* 1^ 7 
B49 -2.85*^  —. 28 -.40 .61 .99 
B37 .62 1.00 .71 -.61 
Hy -Z.06** 
-.29 .49 -.20 -1.02 
WF9 3.12** -.20 1.38 -1.51* -1.14 
W22 .82 .70 -1.04 -.43 2.04** 
gca 
effects -2.?^** -.21 -.09 -2.00*^  .62* 
SE(g^ ) = 0.27; SE( Sij) = 0.72; SE(p) = 1. 4; 
••.•Significant at the Ifo and 5?^ levels, respectively. 
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B49 B37 Hy WF9 W22 
Mean of 
crosses 
2.6 6.7 4.8 12.3 10.3 6.67 
7.7 8.4 9.1 11.5 12.7 8.91 
7.7 8.9 10.0 13.2 11.1 9.02 
6.8 6.7 7.4 8.4 9.8 7.32 
9.8 8.0 9.2 11.4 14.9 9.66 
7.5 10.9 12.6 9.0 8.29 
.42 13-1 8.9 7.0 10.9 8.11 
2.21** .41 H
 
CO
 
H
 
12.7 12.9 9.54 
1.60* -3.80** .29 18.7 15.3 11.60 
•2.30** —. 20 .17 .25 19.8 11.88 
-.91** -1.11** .50 2.81** 3.13** 
SE(c) = 0.8; SE(pc) = 0.27 
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Mean visual ratings of first-brood leaf feeding for 
Experiment 6l are presented in Table 22. Inbreds B49 and 
CI3IA were the most resistant parents and had the two highest 
estimates of general combining ability for all crosses. How­
ever, in specific hybrid combination, B49 x CI3IA. did not 
exhibit less leaf feeding than either parent. Scott, Dicke, 
and Pesho (I966) theorized B^ 9 and CI3IA to possess essen­
tially the same alleles for first-brood resistance, hence 
the expected resistance in the should have been about the 
same as either parent. If, in fact, B49 x CI3IA did exhibit 
significantly more leaf feeding than either parent, then 
dominance or epistasis may be conditioning susceptibility and 
may explain the highly significant estimate of specific com­
bining ability for susceptibility in B49 x CI3IA, which is an 
expression of the nonadditive genetic effects. 
An examination of data summarized in Tables 19, 20, 21, 
and 22 led to the hypothesis that the inbreds per se might be 
good indicators of the degree of com borer resistance ex­
hibited in hybrid combination (an expressing of general com­
bining ability). Evidence to support this hypothesis is pre­
sented in Table 23 where correlation coefficients between 
parental means and parental cross means range from 0.82 to 
0.96. This indicates that for the material studied in Experi­
ment 61, the inbreds per se provided an effective screening 
tool for general combining ability. 
An examination of gca effects for mean cavities per plant 
Table 22. Mean visual rating of corn borer leaf feeding in 
Experiment 6l (hybrids above diagonal; inbreds -
diagonal); estimates of gca and sea effects are 
below diagonal 
B52 RlOl B14A GI3IA 0h43 
B52 6.0 6.7 6.7 2.3 7.0 
RlOl 
-.29 8.3 4.0 7.0 
B14A .17 .63 3.3 6.0 
CI3IA -.89* 
-.33 -. 56 2.0 3.7 
Oh43 1.10** -.04 -.58 . 46 
B49 
-.55 -.39 -.93** 2.41** .10 
B37 .53 -.30 -.14 .20 -.22 
Hy 
-.93** .33 1.10** .13 -1.28** 
WF9 .70 -.04 .42 -1.24** .35 
W22 .16 .43 -.11 -.18 .11 
gca 
effects .04 1.18** .71** -2.62** .09 
SE(I^ ) = 0.13 ; SE(Sij) = 0.34 ; SE(p) = 0.3; 
••.•Significant at the 1^ and levels, respectively. 
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B49 B37 Hy WFO W22 
Mean of 
crosses 
2.0 7.7 5.3 8.3 6.3 5.81 
3.3 8.0 7.7 8.7 7.7 6.82 
2.3 7.7 8.0 8.7 6.7 6.41 
2.3 4.7 3.7 3.7 3.3 3.44 
2.7 7.0 5.0 8.0 6.3 5.86 
ILZ 3.0 3.0 4.3 3.0 2.87 
-. 86* 8^  8.0 9.0 7.7 6.98 
.07 .46 8.3 6.3 6.14 
.00 .08 .32 IZO 7.3 7.37 
.15 .25 —. 20 —. 60 7.0 6.07 
-3.26** 1.35** .41** 1.79** .31* 
SE(c) = 0.4; SE(pc) = 0.13 
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Table 23. Linear correlation coefficients and coefficients 
of determination between parental means and 
parental cross means for number of cavities per 
shank, stalk, and plant and first-brood leaf 
feeding in Experiment 6l 
Trait 
Correlation 
coefficient 
Coefficient of 
determination 
Cavities per shank 0.94** 0.89 
Cavities per stalk 0.82** 0.67 
Cavities per plant 0.89** 0.79 
Leaf feeding 0.96** 0.92 
**Si£:,nificant at the Vfo level. 
and visual rating of leaf feeding in Experiment 6l (Table 24) 
produced interesting information. Inbred B52 exhibited high 
general combining ability for resistance to second brood, but 
not first brood; B49 exhibited high general combining ability 
for resistance to first brood and moderate resistance to 
second brood; CI3IA. exhibited high general combining for re­
sistance to both broods. However, B37 had high general com­
bining ability for resistance to second brood, but for sus­
ceptibility to first brood. WF9 was susceptible to both 
broods in hybrid combination. This pattern indicates that 
loci conditioning general combining ability for resistance to 
first- and second-brood European corn borers in this set of 
inbreds may not be the same for both plant development stages. 
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Table 24. Summary of estimates of gca effects for mean number 
of cavities per plant (second-brood damage) and 
visual rating of leaf feeding (first-brood damage) 
in Experiment 6l 
gca effects 
Cavities 
Inbred per plant Visual rating 
B52 -2.74** .04 
RlOl -.21 1.18** 
B14A -.09 .71** 
CI3IA -2.00** -2.62** 
0h43 .62** .09 
B49 -.91** -3.26** 
B37 -1.11** 1.35** 
Hy .50 .41** 
WF9 2.81** 1.73** 
W22 3.13** .31* 
•*,•Significant at the 1% and 5^  levels, respectively. 
The fact that no correlation was detected between gca effects 
for cavities per plant and leaf feeding (r = +0.4U) further 
supports this thesis. However, CI3IA and B49 have much 
greater first-brood resistance than any other lines and ex­
hibited considerable resistance to second-brood borers in 
hybrid combination. Consequently, one might conclude that 
CI3IA and B49 have more genes for resistance than any other 
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line, and it is possible that some of these additional genes 
could also be responsible for second-brood resistance ex­
hibited by these lines. 
Generation Mean Analyses 
Experiments 106, 107, 59, 60, and 72 
The analyses of variance for mean number of cavities per 
shank, and plant in Experiments 106, 107, 59» 60, and 72 are 
presented in Tables 25, 26, and 27, respectively. Without 
exception, variation among the nine generation means being 
studied was highly significant for each character in every 
experiment. 
At this point it might be well to discuss the relative 
interpretive importance surrounding each of the three charac­
ters being studied for second-brood resistance. Due to the 
inherent, physical length limitations of the ear shank, the 
range of variability for mean cavities per shank is very 
narrow. In addition, the mean number of cavities per shank is 
very low and is correlated with the variance. The result of 
these relationships is a higher coefficient of variability 
for cavities per shank than for either cavities per stalk or 
cavities per plant. For these reasons, it is felt that inter­
pretations made from data derived from the shank are not as 
meaningful as interpretations made from the stalk or entire 
plant data. Therefore, most interpretations are based on 
stalk and/or entire plant data. Correlation coefficients among 
Table 25. Analyses of variance for mean number of cavities per shank among nine 
generations in Experiments 106, 107, 59. 60, and 72 
Mean squares MS 
Source df Exp. 106 Exp. 107 Exp. 59 Exp. 60 df E]n. 72 
Replications 9 0.12 0.14 0.20 3.28 14 1.22 
Generations 8 8.12** 1.50** 1.60** 10.11** 8 4.82** 
a, d 2 30.95** 4.85** 3.68** 31.88** 2 17.12** 
a 1 60.63** 8.22** 2.19** 63.66** 1 0.42 
d 1 1.27* 1.50** 8.84** 0.10 1 33.83** 
Residual 6 0.51* 0.38* 0.30* 2.86** 6 0.71 
Epistasis 3 0.39 0.63** 0.19 2.10** 3 — — 
Deviations 3 0,6k* 0.13 0.40* 3.62** 3 
Error 72 0.20 0.17 0.12 0.35 1267 0.38 
Total 
cv (^ ) 
89 
25.6 32.2 39.4 24.8 
1289 
33.0 
**,*Significant at the 1^5 and 5^ levels, respectively. 
Table 26, Analyses of variance for mean number of cavities per stalk among nine 
generations in Experiments 106, 10?, 59i 60, and 72 
Source df 
Mean sauares 
df 
MS 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Replications 9 1.80 2.45 4.80 16.19 14 71.31 
Generations 8 145.74** 62.01** 214.97** 134.86** 8 1236.57** 
a, d 2 575.13** 244.98** 832.72** 407.67** 2 4876.67** 
a 1 1087.21** 457.47** 1415.22** 767.60** 1 8946.90** 
d 1 64.11** 32.50** 350.22** 47.74** 1 606.45** 
Residual 6 2.48* 1.02 9.06** 43.92** 6 23.07* 
Epistasis 3 3.81* — — 11.78** 47.42** 3 32.30* 
Deviations 3 1.14 — — 6.34 40.32** 3 13.83 
Error 21. 1.09 1.36 2.50 3.06 1267 9.54 
Total 89 1289 
GV (#) 19.8 27.2 24.4 24.8 29.8 
**,*Significant at the 1% and $'fo levels, respectively. 
Table 27. Analyses of variance for mean number of cavities per plant among nine 
generations in Experiments 106, 107, 59. 60, and 72 
Source df 
Mean squares 
df 
MS 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Replications 9 2.71 3.51 4.88 32.12** 14 89.15 
Generations 8 220.82** 80.25** 239.36** 211.23** 8 1267.76** 
a,d 2 873.39** 314.42** 931.68** 680.98** 2 5002.38** 
a 1 1662.84** 582.12** 1514.43** 1272.70** 1 8834.65** 
d 1 83.55** 46.72** 350.13** 44.25** 1 1170.12** 
Residual 6 3.37 2.20 8.59* 62.15** 6 22.88 
Epistasis 3 — — 9.86* 57.86** 3 
Deviations 3 7.32 66.43** 3 
Error 72 1.50 1.99 3.19 4,56 1267 11.22 
Total 89 1289 
cv (#) 17.6 25.4 24.4 21.6 27.3 
**,*Signifioant at the 1% and levels, respectively. 
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these characters were determined and are presented later in 
the text to further elucidate this subject. 
Generations from each cross were analyzed for each char­
acter by fitting m, a, and d as Model 1 and m, a, d, aa, ad, 
and dd as Model 2. The fit was by unweighted least squares 
in Experiments 106, 107, 59, and 60, and by weighted least 
squares in Experiment 72. The sum of squares among generations 
was partitioned thus: reduction due to fitting a and d after 
m; reduction due to fitting a and d independently; residual 
after fitting Model 1; reduction due to fitting aa, ad, and 
dd, after fitting Model 1; and the deviations after fitting all 
of Model 2. 
The reduction due to fitting a and d was significant for 
all characters in all crosses. Reduction due to fitting a was 
highly significant for all characters in all crosses except for 
cavities per shank in Experiment 72. Reduction due to fitting 
d was significant in all cases except for cavities per shank in 
Experiment 6o. Reduction due to fitting additive genetic 
effects exceeded the reduction due to fitting dominance and/or 
epistatic genetic effects by at least tenfold, in most cases. 
This, again, illustrates the relative importance of additive 
genetic effects to nonadditive genetic effects conditioning 
resistance to the second-brood borer in these four crosses; 
i.e., B52 X L289, B52 x B39, B52 x Oh^ 3, and B52 x WF9, and 
generally supports the genetic interpretations made in Experi­
ments 331 53» and 6l for second-brood resistance. 
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Residual sum of squares for each character was parti­
tioned into epistasis (aa, ad, and dd) and deviations, using 
Model 2, only when residual mean squares for Model 1 was sig­
nificant. There existed inconsistent evidence of significant 
digenic epistasis in B52 x L289 (Experiment 106) and B52 x Oh4-3 
crosses (Experiments 59 and 72), and strong evidence of sig­
nificant digenic epistasis in B52 x WF9 cross (Experiment 60). 
The analysis of variance also suggests that the six-parameter 
model was not adequate to explain the genetic variation in 
terms of only two loci for the B52 x WF9 cross. This implies 
that the genetics of resistance in the B52 x WF9 cross is more 
complex than in the other crosses being considered. 
Estimates of genetic parameters for each trait were cal­
culated using Model 1 or Model 2 as dictated by the analyses 
of variance, and are presented in Tables 28, 29, and 30. 
Additive and dominance effects were generally significant and 
carried a negative (-) sign which indicated transmission of 
resistance. Significant additive x additive and additive x 
dominance types of epistasis were detected more frequently 
than the dominance x dominance type, but no uniform trend 
relative to magnitude and/or sign was detected. 
The observed and estimated generation means for mean 
number of cavities per shank, stalk, and plant for all ex­
periments are presented in Tables 31» 32, and 33. respectively. 
Phenotypic dominance of resistance was exhibited by the F^  
generation in all experiments. The Fg and F^  generations in 
Table 28, Estimates of genetic effects and standard errors for mean number of 
cavities per shank using appropriate 3-parameter (Model 1) or 6-
pararaeter (Model 2) model 
Parameters Exp. 106 Exp. 10? Exp. 59 Exp. 60 Exp. 72 
ra 1.69 ± .05 1.27 ± .06 .73 ± .0^  2.39 ± ,09 1.87 ± .02 
a -1.42 ± .08 -.15 ± ,17 -.27 ± .06 -.84 ± .24 .05 ± .05 
d -.41 ± .16 -.87 ± .26 -1.08 ± .13 -.60 ± .37 -1.62 ± ,17 
aa -.50 ± .25 -.92 ± .36 
ad .50 ± .20 .82 ± .28 
dd .51 ± .62 2.71 ± .89 
Table 29. Estimates of genetic effects and standard errors for mean number of 
cavities per stalk using appropriate 3-parameter (Model 1) or 6-
pararaeter (Model 2) model 
Parameters Exp. 106 Exp. 10? Exp. 59 Exp. 60 Exp. 72 
m 4.6o ± .16 4.00 ± .14 5.43 ± .24 8.04 ± .27 10.38 ± .09 
a -5.98 ± .42 -3.90 ± .21 -5.10 ± .81 -3.50 ± .70 -5.68 ± .63 
d -1.52 ± .65 -2.06 ± .42 -4.31 ± .81 -7.07 ± 1.09 -8.70 ± .93 
aa 1.50 ± .64 I.56 ± .97 -5.02 ±1.07 -1.39 ± .60 
ad .05 ± .50 2.35 ± .76 2.08 ± .84 2.19 ± I.05 
dd -.40 ± 1.56 -.68 ± 2.37 1.57 ± 2.62 4.83 ± 2.78 
Table 30. Estimates of genetic effects and standard errors for mean number of 
cavities per plant using appropriate 3-parameter (Kodel 1) or 6-
parameter (Model 2) model 
Parameters Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
m 6.56 ± .14 5.21 ± .16 6.21 ± .27 10.37 ± .33 12.27 ± .09 
a -7.44 ± .22 -4.40 ± .26 -5.38 ± .72 -4.34 ± .86 -6.86 ± .25 
d -3.31 ± .45 -2.47 ± .51 -5.66 ± 1.12 -7.69 ± 1.34 -9.51 ± .93 
aa 1.24 ± I.09 -5.94 ± I.3I 
ad 2.30 ± .85 2.90 ± 1.02 
dd -.70 ± 2.68 4.30 ± 3.20 
Table 31» Summary of observed (Y) and estimated (Y) generation means for mean 
number of cavities per shank in Experiments 106, 107, 59, 60, and 72 
Genera­
tion 
Exp. 106 Exp. 
0
 
1—1 
Exp. 59 Sxp. 60" Exp. 72 
Y Y(l)a Y Y(2) Y Y(l) Y Y(2) Y Yd) 
1^ .40 .48 .72 .68 .87 1.00 .69 .73 2.24 2.73 
2^ 3.51 3.32 1.99 1.98 1.47 1.54 4.26 4.24 1.89 2.63 
Fl 1.50 1.49 .95 .96 .11 .19 2.65 2.71 .49 1.06 
2^ 2.02 1.69 1.27 1.27 .64 .73 2.77 2.33 1. 52 1.87 
BCi 1.02 .98 1.13 1.07 .62 .60 1.40 1.68 1.54 1.90 
BGg 2.10 2.40 1.23 1.22 1.00 .86 2.73 2.52 1.50 1.84 
3^ 1.58 1.79 1.63 1.52 1.31 1.00 2.82 2.65 1.94 2.28 
hSy 1.17 1.08 1.05 1.89 .95 .86 1.96 1.79 1.98 2.30 
BSg 2.40 2.50 1.55 1.59 .99 1.14 2.23 3.04 1.85 2.25 
WF9 3. 80 3.67 3.54 3.96 
(check) 
^(1) and (2) indicate use of Model 1 or Model 2 for predictive purposes. 
Table 32. Summary of observed (Y) and estimated (Y) generation means for mean 
number of cavities per stalk in Experiments 106, 107, 59. 60, and 72 
Genera­
tion 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Y Y(2)* Y Yd) Y Y(2) Y Y(2) Y Y(2) 
1^ .76 .73 .96 1.13 1.59 1.52 1.51 1.37 4.49 6.68 
12.70 12.79 9.04 8.93 16.69 16.42 13.19 12.53 20.91 22.42 
1^ 3.77 3.74 3.04 2.97 2.99 3.10 4.63 4.90 4.81 7.24 
2^ 4.57 4.60 3.97 4.00 6.16 5.43 10.31 8.04 8.43 10.38 
BC^  2.05 1.98 2.39 2.05 3.04 3.27 4.18 5.04 4.89 7.19 
BCg 7.78 ~7.97 5.36 5.95 8.52 8.37 8.73 8.54 11.91 12.87 
"3 4.72 4.96 4.59 4.52 6.83 6.46 10.32 9.91 10.71 12.86 
BS^ 2.31 2.33 2.46 2.56 3.46 .72 6.15 6.38 6.90 9.12 
BSg 8.82 8.33 6.76 6.46 8.99 9.99 8.59 10.92 13.54 15.90 
WF9 9.29 8.64 9.39 11.82 
(check) 
^(1) and (2) indicate use of Model 1 or Model 2 for predictive purposes. 
Table 33- Summary of observed (Y) and estimated (Y) generation means for mean 
number of cavities per plant in Experiments 106, 107, 59• 60, and 72 
Genera­
tion 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Y Y(l)& Y Y(l) Y Y(2) Y Y(2) Y Yd) 
Pi 1.15 .78 1.68 2.04 2.46 2.42 2.20 2.10 6.73 10.16 
16.21 15.66 10.97 10.84 18.06 17.78 17.45 16.58 22.80 23.89 
5.26 4.30 3.99 3.98 3.10 3.20 7.26 7.58 5.31 7.52 
Fg 6.60 6.56 5.24 5.21 6.70 6.21 13.08 10.37 9.99 12.27 
3.07 2.84 3.52 3.01 3.66 3.83 5.58 6.72 6.42 8.84 
BGg 9.88 10.28 6.59 7.41 9.52 9.21 11.46 11.06 13.43 15.70 
3^ 6.30 7.39 6.22 5.83 8.14 7.58 13.14 12.56 12.65 14.65 
BS^  3.48 3.67 3.51 3.62 4.41 4.60 8.12 8.18 8.80 11.22 
11.22 11.11 8.29 8.03 9.98 11.16 10.82 13.97 15.43 18.08 
WP9 
(check) 
13.09 12.29 12.93 15.78 
^(1) and (2) indicate use of Model 1 or Model 2 for predictive purposes. 
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Experiments 106, 107, 59. and 72 generally exhibited some de­
gree of phenotypic dominance, but the Fg and generations in 
Experiment 60 were much more susceptible than expected on the 
basis of the F^  ^generation mean. The observed generation means 
were used in estimating the genetic parameters; the genetic 
parameters were, in turn, used to predict the generation means 
(Y) for each character. Each generation mean was predicted 
using either Model 1 or Model 2 as dictated by results from 
the analysis of variance for each character in each experiment. 
(NoteI The reader is referred to the Statistical Procedures 
for further clarification.) 
Predicted generation means were in close agreement with 
observed generation means in all experiments. Correlation 
coefficients between observed and predicted means are pre­
sented in Table 34 and ranged from 0.926 to 0.999» High co­
efficients of determination indicate that the models used for 
predictive purposes were a good fit. As suspected, poor 
estimates of the generations in Experiment 60 gave a low co-
p 
efficient of determination (r = 0.882) for cavities per plant 
when compared to other crosses. This was due to the inability 
of Model 2 to explain the genetic variation adequately in the 
B52 X V/F9 cross. 
Correlations 
Genotypic, phenotypic, and error correlation coefficients 
were calculated among cavities per shank, cavities per stalk. 
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Table 34. Summary of coefficients of linear correlation (r) 
and determination (r^ ) between observed generation 
means (Y ) and predicted generation means (Y) for 
number of cavities per shank, stalk, and plant in 
Experiments 106, 107, 59» 60, and 72 
Character Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Cavities 
shank 
per 
r .976 .984 .926 .931 .964 
rZ 
.953 .968 .858 . 866 .928 
Cavities 
stalk 
per 
r .999 .994 .994 .994 .997 
r2 
.998 .988 .989 .989 .994 
Cavities 
plant 
per 
r .994 .990 .994 .939 .996 
r^  .988 .980 .988 .882 .992 
and cavities per plant for Experiments 106, 107, 59, 60, and 
72. Visual rating of leaf feeding was also included in Experi-
ment 6l. The genotypic correlations for all experiments are 
presented in Table 35• Phenotypic and error correlation co­
efficients are available for perusal in Table 4-3 of the 
Appendix. Mean cross products from the analyses of covariance 
were used in calculations of the correlation coefficients, and 
are presented in Tables 44, 45, and 46 of the Appendix. 
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Table 35* Genotypic correlation coefficients among number of 
cavities per shank (X^ ), stalk (Xg), and plant (X-j) 
and visual rating of leaf feeding (X^ ,) in Experi­
ments 61, 106, 107, 59. 60, and 72 
Experiment no. Characters correlated 
and material X^  and Xg X^  and X^  Xg and X^  X^  and X^  
Exp. 6l 
Among inbreds .?8 .86 .99 .4-9 
Among hybrids .71 .83 .98 .44 
Exp. 106 .98 .99 1.00 
Exp. 107 .96 .97 1.00 
Exp. 59 .70 .74 1.00 
Exp. 60 .91 .9^  1.00 
Exp. 72 
Amon^ , F J lines .33 .4-7 .99 
Among BS^  lines .4-3 .59 .98 
Among BSg lines .22 .29 1.00 
Initially, I hypothesized a high correlation between 
number of cavities per shank and number of cavities per stalk 
or per plant. A high correlation of these traits would mean 
that, for future selection work, shank evaluations could be 
used rather than stalk data. This could reduce the workload 
per plant and allow for a greater number of evaluations each 
year. This hypothesis was supported when the I968 and I969 
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data (Experiments 61, 106, 10?, 59f and 60) yielded genotypic 
correlation coefficients which ranged from 0.70 to 0.99 (Table 
35) and indicated that from 50 to nearly 100 percent of the 
variation in number of cavities per stalk and/or plant could be 
explained by variation in number of cavities per shank. The 
anticipated support of a broad, prevailing correlation between 
number of cavities per shank and number of cavities per stalk 
and/or plant were not forthcoming in the 1971 data (Experiment 
72). Although phenotypic correlations for these characters 
were highly significant (a result of large degrees of freedom), 
genotypic correlation coefficients in Experiment 72 ranged 
from 0.22 to 0.59 and were much lower than expected. Simple 
correlation coefficients obtained in the same year from 200 Fg 
plants, 100 BC^  plants, and 100 BCg plants from B52 x 0h^ 3 
and B52 x WF9 crosses also gave evidence of low correlation 
between number of cavities per shank and number of cavities 
per stalk (Table 36), However, number of cavities per shank 
still may be considered an effective tool for low intensity 
screening of highly susceptible material in replicated trials 
of a com breeding program. 
As expected, the correlation between number of cavities 
per stalk and per plant was highly significant in each experi­
ment, where genotypic correlation coefficients ranged from O.98 
to 1.00 for all experiments. 
In light of these findings, it was decided that for future 
evaluation purposes, the additional information obtained from 
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Table 36. Simple linear correlation coefficients among number 
of cavities per shank (X^ ), stalk (Xg)» and plant 
(Xo) in the BC^ , and BCg generations of B52 x 
Oh43 and B52 x WF 9 crosses 
Generations and 
characters correlated 
B52 X Oh43 
cross 
B52^  X WF9 
cross 
Within Pg 
and Xg .07 .14 
X^  and X^  .39** .51** 
Xg and X^  .92** 
Within BC^  
X^  and Xg .13 .21* 
X^  and X^  .50** .65** 
Xg and X^  .92** .88** 
Within BCg 
and Xg .32** .34** 
X^  and Xj .56** . 66** 
Xg and X^  .96** .93** 
••.•Significant at the 1% and levels, respectively. 
dissection of the ear shanks would not be sufficient to warrant 
the extra time and effort necessary to evaluate them. As a 
result, most interpretations made in this text are in connec­
tion with data obtained from mean number of cavities per stalk 
or plant, and few interpretations were made in reference to 
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mean number of cavities per shank. 
The phenotypic correlation "between number of cavities 
per plant and leaf feeding rating was highly significant among 
hybrids in Experiment 6l (Table 43 in Appendix), but a signifi­
cant correlation was not detected among the inbreds. The 
primary reason proposed to account for this inconstancy was 
the different degrees of freedom used in testing each group 
of material. The genotypic correlation coefficients for re­
sistance to first-brood leaf feeding and number of second-
brood cavities per plant were 0.49 and 0.44 for inbreds and 
hybrids, respectively (Table 35)» These coefficients are too 
low to be of much predictive value since only 20 to 25 percent 
of the variation in either character can be explained by 
variation in the other character. 
Linear, partial, and multiple genotypic and phenotypic 
correlation coefficients were calculated for plant height, 
dehiscence date, and number of cavities per stalk among the 
F^ , BS-j^ , and BSg lines in Experiment 72 and are presented in 
Table 37• Mean cross products from the analyses of covariance 
were used in calculations of the correlation coefficients and 
are presented in Table 46 of the Appendix. 
The data and coefficients revealed a stronger negative 
association between number of cavities per stalk and dehiscence 
date than between number of cavities per stalk and plant 
height. There had been speculation that mean number of cavi­
ties per stalk might be a function of plant height. This 
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Table 37. Linear, partial, and multiple correlation coeffi­
cients for plant height (X,), dehiscence date, (Xg), 
and number of cavities per stalk (Y) among F-, BS^ , 
and BSg lines in Experiment 72 
(rg) (rp) 
Generations and Genotypic Phenotypic 
traits correlated correlation correlation 
Amon^  lines 
— « 26 — « 09 
.22 -.33** 
.40 .22** 
- . 2 0  . 0 2  
-.13 -.23** 
-.30 -.34** 
— « 11 —.03 
-.27 -.38** 
.31 .17 
-.03 -.03 
-.25 -.38** 
Multiple {R .^x X -.27 -.38** 
Partial 
Multiple  ^
Among BS^  lines 
Linear 
Among BSg lines 
Linear 
-.68 -.24** 
-.49 -.53'* 
[Vy y .64 .18 
1^^ 2 
**Significant at the Ifo level. 
105 
Table 37- (Continued) 
(rg) (rp) 
Generations and Genotypic Phenotypic 
traits correlated correlation correlation 
Among BSg lines (continued) 
r^ YX • X ~ ~ ' Partial < 
--10 -51" 
Multiple {Ry.x X -.69 -.30** 
hypothesis appeared to hold true only among the BSg lines, 
but not among the or BS^  lines. The BS^  lines were selfed 
progenies of backcrosses to the shorter, earlier, susceptible 
parent and reacted as expected. 
Later lines generally were tall and had few borer cavi­
ties per stalk. This was primarily due to the fact that the 
resistant parent, B52, is a tall, late-maturing inbred which 
often transmits dominance of resistance in hybrid combination. 
However, genes conditioning second-brood resistance in the 
B52 and Oh^ 3 cross appear to be more closely linked to certain 
maturity genes than they are to genes controlling plant height. 
Multiple correlation coefficients for number of cavities per 
stalk with both plant height and dehiscence date were highly 
significant among all groups of lines. 
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Estimates of Genetic Variances, Heritability, 
and Genetic Gain from Selection 
The analyses of variance for mean number of cavities per 
shank, stalk, and plant, mean plant height, and mean dehiscence 
date in Experiment 72 are presented in Table 38. Variation 
among F^ , BS^ , and BSg lines within blocks, and among genera­
tions within blocks was highly significant for each character 
being studied. 
Estimates of phenotypic variance and components of the 
genotypic variance were made for each character of the B52 x 
0h43 cross and are summarized in Table 39. Additional statis­
tical parameters for B52 x Oh43 cross are summarized in Table 
47 of the Appendix. Variance estimates for the F^ , BS^ , and 
BSg generations were obtained from entry means in Experiment 
72. Variance estimates for the F^ , BC^ , and BCg generations 
originated from individual plant data representing parental 
material of lines grown in Experiment 72. Therefore, the 
sample population from which inferences of second-brood resis­
tance were drawn was identical for both sets of generations; 
i.e., parents and progenies. The one deviation from this rule 
involved visual leaf feeding ratings which were made on a dif­
ferent set of random Fg, BCp and BCg plaJits. Variance esti­
mates for the Fg, BC^ , and BCg generations of the B52 x WF9 
cross are presented in Table 40. Methods used in estimating 
all parameters in Tables 39 and UO are outlined in the Statis­
tical Procedures section. 
Table 38. Analyses of variance for mean number of cavities per shank (X,), stalk 
(Xg), and plant (X^ ), plant height (X^ ), and dehiscence date (X^ ) in 
Experiment 72  ^
Mean squares 
Cavities/ Cavities/ Cavities/ Plant ht. Dehiscence 
Source df shank (X^ )^ stalk (Xg) plant (X^ ) (X^ ) date (X^ ) 
Replications 
Blocks/reps 
Among entries/blocks 
Among F^ 's/blocks 
Among s/blocks 
Among BSg's/blocks 
Among gen./blocks 
Error (pooled) 
Error (among F^ 's) 
Error (among BS^ 's) 
Error (among BSg's) 
Residual error 
GV (#) 
2 0.48 
12 1.33 
425 0.64** 
195 0.76** 
95 0.51** 
95 0.32** 
40 1.09** 
850 0.29 
390 0.41 
190 0.20 
190 0.19 
80 0.19 
2.34 1.16 
82.23 103.06 
39.69** 42.57** 
19.65** 22.19** 
10.04** 12.54** 
21.90** 23.90** 
240.11** 256.94** 
6.01 7.41 
7.06 8.87 
2.96 3.83 
7.40 8.78 
4.89 5.55 
1398.35 38.94 
426.18 12.06 
673.06** 19.98** 
716.55** 15.76** 
432.05** 14.80** 
338.30** 5.91** 
1827.06** 86.23** 
45.06 3.70 
45.66 4.02 
49.62 4.41 
42.17 2.94 
44.60 2.23 
8.2 28.8 
**Significant at the 1% level. 
Table 39- Estimates of phenotypic and genetic variances in six generations of 
B52 X Oh43 cross 
Trait and 
generation 
Cavities per shank 
2^ 1.213 0.154 0.127 ± .33 
BG^ 1.036 
BCg 1.263 
0.252 0.115 0.081 ± .06 0.136 ± .16 
BSi 0.172 0.106 
BSg 0.112 0.043 
Cavities per stalk 
Fg 9.531 2.497 2.137 ± 2.63 
BCi 5.041 
BCg 11.884 
6.584 4.197 1.200 ± 1.80 11.988 ± 5.46 
3.256 2.361 
BSg 7.083 4.833 
Avg. 0^  ^
0.088 
1.581 
Table 39. (Continued) 
Trait and o i o .0 o 
generation o g d' "a ° i Avg. 5 ^  
Cavities per plant 0,655 
Fg 11.233 3.100 0.194 ± 3.28 
BC^  6.648 
BCg 15.624 
Po 7.396 4.441 0.942 ± 2.04 13.996 ± 6.16 
BSj^  4.112 2.901 
BSg 7.744 5.039 
Leaf feeding rating 
Fg 1.777 0.873 ± 0.45 
BC^  1.678 
BCg 1.003 
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Table 40. Estimates of phenotypic and additive genetic vari­
ances in B52 X WF9 cross 
Trait and 2 
generation d ph ^^ a 
Cavities per shank 
Fg 2.622 l.$40 + .66 
BC^  1.030 
BCg 2.675 
Cavities per stalk 
Pg 13.198 12.000 ± 3.12 
bCjl 2.755 
BCg 11.642 
Cavities per plant 
Fg 17.393 12.028 ± 4.36 
BC^  4.634 
BCg 18.124 
Leaf feeding rating 
Fg 2.141 1.106 ± .40 
BC^  0.948 
BCo 2.228 
Estimates of the genetic variances were necessary for 
calculating heritàbilities and predicting genetic gains from 
selection. In order to have reliable heritability estimates, 
the estimates of genetic variances, i.e., and must 
be reliable. As revealed in Table 39, the standard error of 
Ill 
the additive genetic variance, for the B52 x Oh^ 3 cross, 
was exceedingly large in all cases. In no instance did 
approach significance, and often had a standard error that 
2 
exceeded its mean estimate. The poor estimates of a  ^were 
attributed, in part, to the low sampling population (200 Fg 
plants or lines) used for estimation purposes and, also, 
to the methods used in plant and plot evaluations of second-
brood resistance. A larger sample population would have been 
2 desirable for more accurate estimates of a but was not con­
sidered practical at the time of this experimentation. Never­
theless, expediency necessitated the use of these unreliable 
2 
estimates of o  ^for calculating heritabilities and predicting 
genetic gains from selection for each character. 
The  ^ component of the genotypic variance was 
derived from parent-progeny (F^ F^ ) regression coefficients as 
described in the Statistical Procedures section; calculation 
2 2 
of the average estimate of o , avg, a , also is described 
in the same section. 
Regression coefficients obtained by parent-progeny regres­
sion in the backcross generation of B52 x Oh43 cross are pre­
sented in Table 48 of the Appendix. These coefficients repre­
sent a form of heritability as applied to non-normally dis­
tributed populations and, therefore, were not used for predic­
tive purposes. The distribution of observations for each 
generation as presented in Figure 1 tends to support the 
assumption of non-normality in the backcross generations since 
Figure 1. Frequency distributions for number of cavities 
per plant in six generations of B52 x Oh^ 3 cross, 
and tests for significant skevmess On) and 
kurtosis (Pg) each generation 
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significant skewness (g^ ) significant kurtosis (Bg) were 
detected more frequently in the backcross and backcross-self 
generations than in the or generations. In addition, 
each backcross-derived generation consisted of only 100 observa­
tions which is very minimal for predictive purposes. Also, the 
distributions in Figure 1 indicate no simple genetic basis for 
resistance to second-brood European com borers in the B^ 2 x 
Qh^ •3 cross. 
Estimates of heritability for the Fg and F^  generations 
of B52 X Oh43 and B52 x WF9 crosses are presented in Table 41. 
"Broad sense" estimates of heritability of resistance on a 
progeny mean basis using  ^for calculations were about two 
times larger than the "broad sense" estimates of heritability 
^2 1 A ? 
on an individual basis using (a ^  + g a for calculations. 
Heritability was 64.1 percent for cavities per stalk in the 
first case and 26.2 to 3I.7 percent in the latter case, using 
parent-progeny regression and standard unit regression, re­
spectively. Use of standard units produced heritability esti­
mates that differed very little from heritability estimates 
calculated using actual values, except for cavities per shank. 
Standard unit heritability was larger than regression herita­
bility in all instances; however, the standard errors associ­
ated with both types of heritability were very small and in­
dicated that both sets of heritability values were reasonable 
estimates. 
For cavities per stalk, the "realized" heritability was 
Table 41, Estimates of heritability for Fg and F- generations of B52 x Oh43 and 
B52 X WF9 crosses for number of cavities per shank, stalk, and plant and 
visual rating of leaf feeding 
Type of heritability, parameter used, 
and method used for estimation (?S) 
"Broad sense" "Narrow sense" "Realized" 
(^ 2 \ 1°^  
a^ n . _ Warner method selection 
Cross, trait, COV^  Regression Standard intensity 
and generation (1) (2) units (2) (2) (1) (2) 
B52 X OH43 
Cavities per shank 
Fp 12.6 ± .03 27.9 ± .07 10.5 
Pg 45.6 32.1 
Cavities per stalk 
Fp 26.2 ± .06 31.7 ± .07 22.4 30.7 
Fo 64.1 18.2 
Cavities per plant 
Fp 27.6 ± .05 34.1 6 .07 1.7 14.0 
Fo 60.0 12.7 
Visual leaf feeding 
Fg 49.1 
B52 X WF9 
Cavities per shank (Fp) 58.7 
Cavities per stalk (Fg) 90.9 
Cavities per plant (Fp) 69.2 
Visual leaf feedingÎFg) 51*7 
C^OV = components of variance method. 
(^l)heritability based on a progeny mean basis; (2)heritability based on an 
individual plant basis. 
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30.7 percent, which agree4 closely with the 26.2 and 31.7 
percent heritabilities estimated using regression techniques. 
The "realized" and regression "broad sense" heritabilities for 
number of cavities per plant were not in close agreement. This 
was attributed partly to the small selection intensity (10 
percent) used for calculating "realized" heritability. 
Estimates of "narrow sense" heritability were very erratic 
2 
as a result of poor estimates of a . For number of cavities 
a 
per stalk, heritability was 22.4 percent on an individual plant 
basis. Although this value is lower than regression-type 
"broad sense" heritability and "realized" heritability on an 
individual plant basis, all appear to be of similar magnitude. 
"Narrow sense" heritability estimates for number of cavities 
per plant were extremely low both on an individual plant 
basis and a progeny mean basis and, once again, were 
2 
attributed to poor estimates of a 
a 
The heritability for first brood leaf feeding resistance 
in the of B52 x Oh^ 3 was 49.1 percent. In the B52 x WF9 
cross it was 51*7 percent. These values are in close agreement 
and are similar to findings by Scott et al. (1964) and 
Mohamed et al. (1966). 
Heritability estimates for second-brood resistance were 
generally much higher in the B52 x WF9 cross, ranging from 
58.7 percent for number of cavities per shank to 90.9 percent 
for number of cavities per stalk. Again, standard errors for 
were larger than desirable and resulted in suspicious 
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estimates of heritability. 
In general, it appears that the parent-progeny regression 
method of using  ^ may have provided better esti­
mates of "narrow sense" heritability than did the method of 
•^ 2 2X2 
using a ^ per se. The estimated values for  ^ 2 d^  
2 2 (Table 35) may more closely approximate a ^ (assuming a ^  to 
be negligible) than do the actual estimates of a ^  using 
2 Warner's method. Estimates of a  ^were not available on an 
individual plant basis either to support or refute this 
2 hypothesis, and the estimates of a  ^that were available on 
a progeny mean basis had fairly large standard errors which 
rendered them somewhat useless. 
In addition, variation attributable to genotype x en­
vironment interaction could not be estimated and may have 
contributed to inflation of heritability estimates. Sig­
nificant epistatic variance can, in all probability, be 
eliminated as a major source of inflation in the B52 x Oh43 
cross, but may have been responsible for significant inflation 
of heritability estimates in the B52 x WF9 cross. (Refer to 
Tables 26 and 2? for supportive evidence.) 
Estimates of genetic gain from selection in the Fg and 
generations of B52 x Oh^ 3 and in the Fg generation of B52 x 
WF9 are presented in Table 42. All estimates of genetic gain 
in the F^  generation were made using full mass selection as 
the proposed method. Full mass selection implies selection 
among selfed plants (controlled pollen) with selection made 
Table 42. Estimates of genetic gain from selection in the Fg 
and generations of B52 x Oh43 and B52 x WF9 
crosses for number of cavities per shank, stalk, 
and plant, and first-brood leaf feeding (expressed 
on a per year basis) 
G . ° " °%-
+ è Avg. 3\ 
Cross, trait, and k=1.75 k=1.4o k=l.75 k-1.40 
method of selection lOfo 20% lOfo 20% 
B52 X Oh43 
Cavities per shank 
Full mass 0. 2k 
Selfed-progeny 
Cavities per stalk 
Full mass 1.42 
Selfed-progeny 
Cavities per plant 
Full mass 1.62 
Selfed-progeny 
Leaf feeding rating 
B52 X WF9 
Full mass 
Cavities per shank 
Cavities per stalk 
Cavities per plant 
Leaf feeding rating 
0.20 0.14 0.11 
0.15 0.12 
1.13 0.90 0.71 
0.54 0.43 
1.30 0.34 0.27 
0.21 0.16 
1.15 0.92 
1.67 1.33 
5.78 4.62 
5.05 4.04 
1.32 1.06 
119 
G = c HD 
r Method used for 
"^ calculation 
a2 -TGe]:iGtic component 
a + -p a J Avg. a tused in calculation 
— rcoefficient of 
\parental control 
lOfa 20fo lOfo 20% {Selection intensity 
1.30 1.09 
1.48 1.23 
0.82 0.69 
0.31 0.25 
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after anthesis, hence c = 1; random recombination of progenies 
from the selected plants is accomplished during the winter 
nursery; and full mass selection is implemented the following 
summer, thus completing one cycle per year (y = 1). Estimates 
of genetic gain in the B52 x Oh^  ^cross were calculated by 
substituting both estimates, (avg. o^ _) and (a^ . + ^  G^ _), SL 8.  ^ ë 
into the genetic gain formulae be low t 
o k a , c k a , 
// • 
Similarly, H values derived by use of (avg. and 
(o^  ^+ ^  were used in the alternate predicted genetic 
gain formula below: 
a = ^  . 
(Components of each formula are defined in the Statistical 
Procedures section.) Use of the different formulae above 
produced only small differences in predicted genetic gains 
from any particular trait. The close agreement between the 
estimates of genetic gain using the first formula (based on 
the assumption that data are normally distributed) and the 
latter formula (based on empirical data) gives good support 
for the assumption of normality. 
Estimated reduction in number of cavities per stalk per 
year for full mass selection in the Pg generation ranged from 
0.90 to 1.42 using a 10 percent selection intensity, and from 
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0.71 to 1.13 using a 20 percent selection intensity. Pre­
dicted reductions in number of cavities per plant per year 
were higher than predicted reduction in number of cavities per 
stalk when using  ^ for calculation purposes, and 
lower when using (avg. in the calculations. These incon-
2 
sistencies were attributed to questionable estimates of a 
Predicted reductions in the B52 x WF9 cross were very 
high for second-brood resistance. Estimated reductions in 
number of cavities per stalk per year, using full mass selec­
tion, were 5»78 and 4.62 for 10 percent and 20 percent selec­
tion intensities, respectively. The high predicted genetic 
gains in B52 x WF9 conceivably resulted from epistatically 
2 inflated estimates of a 
Predicted gains for first-brood leaf feeding resistance 
were roughly the same for both crosses under a full mass se­
lection regime. Predicted reductions in leaf feeding rating 
ranged from 0.92 (20 percent selection) to 1.15 (10 percent 
selection) for B52 x Oh43» and from I.06 (20 percent selec­
tion) to 1.32 (10 percent selection) for B52 x WF9. These 
predicted genetic gains per year are in close agreement with 
average observed genetic gains per cycle in five synthetic 
varieties undergoing recurrent selection using single-row, 
unreplicated testing (Penny et al., I967). 
All estimates of genetic gain in the generation were 
made using selfed-progeny selection as the proposed method, 
Selfed-progeny selection in the Fj generation implies selection 
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among families in replicated trials, followed by random 
recombination of remnant seed (c = 1) of the selected 
families in the winter nursery. Selfing of random plants is 
effected during the summer and their selfed progenies are then 
evaluated in replication for second-brood resistance the fol­
lowing summer, thus completing one cycle of selection in two 
years (y = 2). 
Estimates of genetic gain using selfed-progeny selection 
were confined to the use of (avg. in all calculations and 
are presented in Table 42. The predicted reductions in number 
of cavities per stalk ranged from 0.^ 4 to 0.43 cavities per 
year under selection intensities of 10 and 20 percent, respec­
tively; however, predicted genetic gains for number of cavi­
ties per plant were less than one-half the predicted gain for 
number of cavities per stalk. This inconstancy in predicted 
2 gains was attributed to erratic estimates of o ^  used in the 
prediction equation. 
A comparison of predicted genetic gains using full mass 
selection and selfed-progeny selection indicates full mass 
selection to be the more efficient method of the two in reduc­
ing the number of cavities per stalk and plant on a per year 
basis. On a per cycle basis, the selfed-progeny selection 
exhibited a slight edge in predicted genetic gain, but this 
method requires two years per cycle as compared to one year 
per cycle for full mass selection. No strong conclusions can 
be made as to which selection method is the more effective 
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and efficient since predicted genetic gains for both methods 
were calculated using erratic and unreliable estimates of 
a Use of larger sample populations and improved precision 
and methodology in evaluating second-brood resistance probably 
would result in more accurate estimates of genetic variances, 
heritability, and genetic gain. 
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DISCUSSION 
In recent years, damage to com from the second-brood 
European com borer has gradually been increasing in Iowa. 
As a result, breeders have been searching available germplasm 
for sources of resistance to use in their breeding programs. 
To present, few sources of resistant germplasm have been 
found. However, one inbred, B52, has continually shown a 
high degree of resistance to second-brood damage and is con­
sidered a possible donor parent of resistance in breeding pro­
grams. 
These studies were initiated because certain basics of 
the genetics of resistance in com to the second-brood com 
borer need to be known before breeders can make efficient use 
of B52's mechanism(s) of resistance. Since all my studies 
have dealt with fixed sets of lines, and particularly with B52 
and its hybrid derivatives, any extrapolation of interpreta­
tions from these results to other genetic populations should 
be made with utmost caution. A population not including B52 
in its parentage may not possess the same alleles for resis­
tance at the same loci, or may not have the large number of 
loci conferring resistance that probably exists in a popula­
tion involving B52 in its parentage. In addition, different 
sources of resistance may exhibit different types of gene 
action than exhibited by B52 or the fixed sets of lines studied 
herein. 
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A few brief comments about the methods employed in 
evaluating corn for corn borer resistance may be appropriate 
before discussion of the genetic implications. Results from 
these studies, especially Experiments 33 and 53i indicate 
that there is a need for high levels of insect infestation 
to assure maximum phenotypic differentiation of genetic re­
sistance and to allow a minimal number of escape plants in 
genetic studies of this type. The method used in evaluating 
resistance in com to second-brood borers appears to lack the 
precision that is evidenced in first-brood studies. The high 
CV's accompanying second-brood studies were attributed pri­
marily to three items: (1) the lack of uniformity among 
samplers (dissectors) within individual plots and replications; 
(2) the general decline in precision when estimating the num­
ber of cavities per stalk or plant associated with the higher 
levels of damage; and (3) in the case of number of cavities 
per shank, the low mean relative to the variance. 
Data from the shanks were taken to determine if a high 
correlation exists between number of cavities per shank and 
stalk, or total plant. If a high correlation does exist, it 
could result in a reduction of the time and effort necessary 
to evaluate a plant's resistance, by dissecting only the shank 
and not the stalk. This would allow for evaluation of many 
more plants each year. Correlation values for number of 
cavities per shank and stalk were statistically significant 
and were in agreement with findings by Pesho et al. (1965); 
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however, the coefficient of determination was low in some 
cases. This led to the conclusion that the number of cavities 
per shank would not be a reliable method of predicting the num­
ber of cavities per stalk or plant, but may be an effective 
tool for preliminary screening of highly susceptible material. 
Also, there was visual evidence of second-brood damage from 
sheath and leaf-collar feeding which indicated that visual 
screening of highly susceptible material may be effective 
under conditions of high infestation; but additional studies 
are needed to confirm this. It was concluded that for future 
genetic studies, shank data would probably be omitted since 
time would be saved by not taking it. Also, the shank length 
is too restrictive and may pass an error on to the total plant 
data; however, the proportion of shank to total plant is very 
small and should not be too influential. 
The distribution of segregating generations in these 
studies indicates no simple genetic basis for resistance to 
second-brood borers in com, and suggests that high resistance 
may be the resultant cumulative effect of an unknown number 
of loci conditioning resistance. However, if 50 percent of 
the phenotypic variation is attributed to error, then simple 
inheritance can appear to be quantitative in nature. 
There appears to be very little or no correlation between 
first- and second-brood resistance in the inbreds tested, which 
is in agreement with findings by Pesho et al. (I965). Also, 
correlation of first- and second-brood resistance in the 
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hybrids tested was significant, but was too low to be of 
predictive value. These findings suggest that different loci 
or alleles may be involved in conditioning resistance to first-
and second-brood corn borers, but some loci may have alleles 
which are acting pleiotropically for resistance to both broods, 
The latter possibility may exist in B^ 9 and CI3IA which ex­
hibited considerable resistance to both broods as inbreds and 
in hybrid combination. Conversely, WF9, which is susceptible 
to both broods, may lack either the alleles conditioning 
pleiotropic resistance to both broods, or may lack alleles 
for resistance to first-brood borers at one set of loci and 
alleles for resistance to second-brood borers at another set 
of loci. Results contained herein do not confirm the thesis 
posed above. Additional studies will be necessary to determine 
whether the same loci, different loci, or some combination of 
the two possibilities most likely explain the phenomenon of 
resistance to both broods of the European com borer. 
The data in Experiment 6l showed that inbreds per se were 
good indicators of the degree of com borer resistance ex­
hibited in hybrid combination and would provide an effective 
screening tool for general combining ability. This correlation 
was manifest for resistance to each brood, independently, and 
agrees closely with findings by Klun et al. (1970) involving 
first-brood studies. It must be pointed out, however, that 
the reaction associated with a fixed set of lines may not 
occur identically with a random set of lines. Even though 
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screening inbred lines for com borer resistance as lines 
per se appears an efficient method for selection, the final 
testing to identify the most useful lines for use in hybrid 
combinations should be done at the hybrid level in combination 
with one or more susceptible testers. 
Significant heterosis occurred for resistance to first-
and second-brood borers in most single-cross hybrids grown. 
Heterosis is generally attributed to nonadditive genetic 
effects. Some progenies exhibited more resistance than 
either parent and this reaction might be explained by vigor 
exhibited by the hybrid, by dominant or epistatic gene action 
for resistance in the overdominance range, or by the effect 
of genetic resistance confounded with hybrid vigor. However, 
the majority of progenies exhibited partial phenotypic 
dominance of resistance which suggests predominantly additive 
genetic effects for resistance supplemented by deviations 
attributable to dominance and/or epistatic effects, the latter 
being of least importance. The heterotic effect of com borer 
resistance can be very useful in current hybrid com produc­
tion because only one resistant inbred line would be necessary 
to maintain a satisfactory level of resistance in single-
cross combination. Considerable phenotypic dominance was 
exhibited in hybrid combinations by CI3IA and B49 for first-
brood resistance and by B52 and B49 for second-brood resistance, 
and any of these inbreds would be a suitable parent for trans­
mitting an acceptable level of the appropriate type of resis-
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tance to a single-cross hybrid. 
Estimates obtained from diallel analyses indicated that 
most of the variation for first- and second-brood resistance 
among the diallel crosses could be explained by general combin­
ing ability, which was shown by Matzinger, Sprague, and Cocker-
ham (1959) to be due to additive and additive x additive 
genetic effects. The variation explained by general combining 
ability was about 10 times greater than the variation explained 
by specific combining ability, thus indicating the relative 
importance of additive genetic effects to nonadditive genetic 
effects conditioning resistance to both broods of the European 
com borer. This is in agreement with results by Scott et al. 
(1964) for first-brood resistance, and with overtures by 
Scott et al. (1967) concerning second-brood resistance. 
Results from generation mean analyses of four different 
biparental crosses involving B52 supplied additional evidence 
that additive m^etic effects were predominant in conditioning 
resistance to the eccond-brood borers, and that dominance and 
epistatic deviations had minor but detectable effects in some 
crosses. It cannot be stated, however, that such gene action 
would be expected consistently in crosses not including B52 
in the parentage. The fact that the data from three of the 
four crosses fit the three-parameter model (m,a,d) does not 
necessarily imply that only one gene (locus) is involved in 
second-brood resistance. It is possible that several loci are 
involved but exhibit no significant interlocus interaction. 
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On the other hand, there is strong evidence to suggest that 
at least tv/o and possibly more genes are involved in second-
brood resistance in the B52 x WF9 cross since significant 
deviations for epistasis and lack of fit of the six-parameter 
model (m,a,d,aa,ad,dd) were observed. 
The estimates of heritability for second-brood resistance 
in B52 X Oh^ 3 cross were not as high nor as consistent as a 
breeder would prefer, but, considering that the estimates ob­
tained by parent-progeny regression were based on individual 
plant differences, they appear to be of significant magnitude 
to make some progress by individual plant selection. Esti­
mates of heritability obtained by regression ranged from 26.6 
percent for number of cavities per stalk to 3^ .1 percent for 
number of cavities per plant and had very small standard 
errors. These estimates should not be biased by environmental 
correlations because the Fg plants and progeny rows were 
grown in different years. It was felt that the most reliable 
estimate of heritability for second-brood resistance was ob­
tained from the parent-progeny regression which also closely 
agreed with the "realized" heritability of 30.7 percent for 
number of cavities per stalk. 
The estimates of "narrow sense" heritability obtained 
by B52 X Oh^ 3 using Warner's method for estimating a ^  were 
low and were shrouded with inconsistencies and very large 
standard errors for The heritability estimates ranged 
from 1.7 percent to 22.4 percent for number of cavities per 
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plant and stalk, respectively. Estimates of heritability 
for second-"brood resistance in B$2 x WF9 cross ranged from 
58.7 percent to 90.0 percent. If such differences can occur 
between estimates of parameters obtained from one cross, then 
differences between estimates obtained from different crosses 
should be interpreted with caution. The heritability esti­
mates for first-brood resistance on a per-plant basis in 
B52 X 0h43 and B52 x V/F9 crosses were 49.1 and 51 >7 percent, 
respectively, and were in close agreement with heritabilities 
reported by Scott et al. (1964) and Mohamed et al. (I966). 
The population sizes used in these experiments were in 
agreement with requirements suggested by Marquez-Sanchez and 
Hallauer (1970) for estimating genetic variances in corn, but 
appeared to be inadequate to provide good estimates of herita­
bility of second-brood resistance in my studies. In their 
studies, they were concerned with the variation of traits of 
only one organism, com. Perhaps a larger population size 
should be used in estimating genetic variances for insect 
resistance in com because the breeder is concerned with two 
different organisms, each subject to its own environmental 
variation. In addition, increased precision in plot technique 
(more uniformity among samplers within individual plots 
and replications) may assist one in obtaining estimates of 
{';enetic variances with considerably lower standard errors, 
hence more reliable estimates of heritability. 
The results indicate that additive gene action was the 
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major type of genetic variation in the inheritance of resis­
tance to first- and second-brood European corn borers in these 
studies. Additive gene action implies that alleles at differ­
ent loci conditioning resistance can be accumulated. Since 
resistance in B52, B^ 9, and CI3IA appears to be controlled by 
several genes, an efficient breeding program for first- or 
second-brood resistance would be one, such as mass selection 
or recurrent selection, which would allow for the accumula­
tion of desirable genes at numerous loci in a population. It 
is for this reason that predicted genetic gains were calculated 
for full mass selection and recurrent selection using selfed-
progeny testing. Since the number of genes involved probably 
is greater than three and there is lack of complete dominance 
for resistance, a conventional backcrossing program designed 
to transfer second-brood resistance of B$2 or B49 and first-
brood resistance of B49 or CI3IA probably would be impractical. 
However, it is possible that another source of resistance 
would give entirely different results. 
"Variation among intercross progenies is the major source 
of [genetic variance in recurrent selection programs" (Homer, 
1968), and selfed progenies in replication generally provide 
better phenotypic expression of genetic variation than do in­
dividual plant data. However, my data indicate that for 
second-brood resistance, genetic gain using full mass selec­
tion (individual plant selection) may be more efficient on a 
per-year basis (net gain of -O.9O cavities per stalk) than 
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recurrent selection using selfed-progeny testing (net gain 
of -0.5^  cavities per stalk per year). On a per-cycle "basis, 
however, recurrent selection has a slight advantage over full 
mass selection with predicted genetic gains of -1.08 and--0.90 
cavities per stalk, respectively. The fact that these pre­
dicted genetic gains were derived using erratic and unreliable 
2 
estimates of a  ^makes it almost impossible to discern which 
selection method is the more effective of the two; perhaps a 
tandem combination involving full mass selection in one year 
followed by selfed-progeny selection of the selected material 
in the following year may be more efficient than either selec­
tion regime alone. Additional information will be needed to 
determine if this is the case. 
Another alternative procedure (proposed by Widstrom, 
1972) for developing resistant plant populations from the 
materials used in these studies is as follows: 
1. Select the best performing crosses from the diallels 
involving lines of high general combining ability 
for resistance 
2. Cull all crosses with significant deviations for non-
additive effects (those exhibiting high specific 
combining ability) to eliminate a source of possible 
suppression of effectiveness of selection from non-
complementary deviations which could cancel out any 
potential gains from selection made on the basis of 
general combining ability alone 
3. Recombine the selected crosses and practice recurrent 
selection for general combining ability, as proposed 
above, using full mass selection and selfed-progeny 
selection. 
The preliminary evaluation of early generation inbred 
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material evolving from different cycles of recurrent selection 
should "be effective for screening out lines with resistance 
to the European corn borer; however, continued progress from 
pure line selection depends on the isolation of superior new 
gene combinations, which depends largely on segregation within 
intercross progenies. More than one or two generations of 
selfing tends to result in excessive fixation of genotypes 
and a limited amount of recombination. Perhaps a slower 
approach to homozygosity, by sibbing rather than selfing, 
would allow for more genetic recombination of resistance 
factors. This should result in greater within-progeny varia­
tion which, in turn, may allow for the concentration of a 
large number of borer resistant genes in a few inbred lines. 
This would greatly enhance the possibility of developing a 
borer resistant hybrid which could maintain a high degree of 
resistance under high levels of natural infestation and 
different environmental conditions. 
Future studies involving second-brood resistance should 
consider some of the following; 
1. Estimation of the number and location of genes con­
ditioning resistance to second-brood borers in 
several resistant inbreds; 
2. Exploring the possibility of using visual evaluation 
techniques in selecting for second-brood resistance; 
3. Determining whether any genes confer resistance to 
both first- and second-brood com borers, and, if so, 
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the location of those genes; 
4". Attempting to select, simultaneously, for both first-
and second-brood resistance in the same population; 
5. Exploring the chemical and/or physical factors which 
may contribute to resistance or tolerance to the 
second-brood borer; 
6. Determining the importance of genotype x environment 
interaction in second-brood resistance studies; 
7. Exploring the possible methods of improving estima­
tion of genetic variances in genetic populations, 
e.g., precision involved in dissections and the 
possible use of larger samples of genetic populations; 
8. Comparing predicted and observed genetic gains, by 
some selection regime, between populations having 
B52 parentage and synthetic varieties or composites 
lacking B52 parentage. 
Recent investigations (personal communication, W. A. 
Russell) have indicated some success in implementation of 
item 4. Perhaps other studies will shed additional light on 
some of the other proposed topics of study concerning second-
brood resistance and will be used by plant breeders in their 
attempts to control the European com borers in com. 
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SUMMARY 
The purpose of this research was to study the genetics 
involved in resistance of com to first- and second-brood 
European com borer (Ostrinia nubilalis Hiibner). 
Diallel Analyses 
Two 10 inbred diallels utilizing a total of 14 different 
inbred lines were grown and artificially infested to evaluate 
combining ability for resistance to European corn borers. 
Crosses from one diallel were grown in two "environments 
(Experiments 33 and 53) to study combining ability of resis­
tance to a second-brood infestation. Plants were dissected 
to determine mean number of cavities per plant. Crosses and 
'\ 
parents of the other diallel (Experiment 6l) were grown in one 
environment to study combining ability of resistance to both 
first- and second-brood com borers. Data were recorded for 
number of cavities per shank, stalk, and plant, and for first-
brood leaf feeding. 
Estimates of general (gca) and specific (sea) combining 
ability effects showed that the variation due to gca effects 
was highly significant in Experiments 33 and 53» but sea varia­
tion was not significant. Significant genotype x environment 
interaction occurred probably because year effects were con­
founded with infestation levels. Variation due to gca and 
sea effects were highly significant for both first- and second-
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brood resistance in Experiment 6l and supported results in 
Experiments 33 and 53» The gca mean squares exceeded the sea 
mean squares by more than tenfold, which indicates the im­
portance of additive genetic effects conditioning resistance 
to first- and second-brood corn borers. Highly significant 
heterosis occurred for resistance to both broods, but the 
inbreds per se were found to be good indicators of general 
combining ability. The genetic correlation between first-
and second-brood resistance in the hybrids was 0.44. 
Generation Mean Analyses 
Data for number of cavities per shank, stalk, and plant 
were recorded for, and generation mean analyses were conducted 
on nine generations (P^ , F^ , F^ , BC^ , BCg, F^ , BS^ , BSg) 
from crosses involving inbred B52 as the resistant source 
parent and inbreds L289, B39, Oh43, and WF9 as the susceptible 
source parents. Data were fit consecutively to three-
parameter and six-parameter models to detect variation due to 
average additive, dominance, and epistatic effects summed over 
loci. Genetic effects were estimated, and predicted values 
were made from appropriate models. 
Reduction in sum of squares due to fitting additive and 
dominance genetic effects was highly significant for all traits 
in all crosses. In nearly all instances, mean squares for 
additive effects was greater than ten times the mean squares 
for dominance effects, thus indicating the importance of 
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additive genetic effects for resistance to the second-brood 
corn borer. Epistasis was relatively insignificant for all 
except one cross. In the B52 x WF9 cross, epistasis was 
highly significant, thus indicating a more complex type of 
inheritance in that particular cross than in the other crosses. 
Estimates of Genetic Variances, Heritability, 
and Genetic Gains 
Two hundred Fg plants and two hundred backcross plants 
(100 per backcross) from B52 x Oh43 cross were evaluated for 
second-brood resistance. Selfed progeny of each plant was 
grown in replicate the following year and evaluated. The 
p 
additive genetic variance (a in the Fg generation was 
estimated by 2 (Var Fg) - (Var BG^  + Var BGg) as proposed by 
2 Warner (1952). a _ among F^  families was estimated by a 
2 
modification of the above formula. Estimates of o ^  were 
erratic for both generations and possessed large standard 
errors. 
"Narrow sense" heritability was calculated for the Fg and 
F^  generations for number of cavities per shank, stalk, and 
plant using ô ^ /a Estimates ranged from 2 to 22 percent 
on an individual plant basis in the Fg, and from 13 to 33 per­
cent on a progeny mean basis in the F^ . Also, heritability 
estimates were obtained Ly parent-progeny regression and ranged 
from 13 to 3^  percent for different characters. "Realized" 
heritabilities were 14 and 31 percent, respectively, for number 
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of cavities per plant and stalk in the Pg" High estimates 
of "narrow sense" heritability were observed for the Pg of 
B52 X WP9 and ranged from 52 to 91 percent. "Narrow sense" 
heritability estimates for B52 x Oh43 and B52 x WF9 were 
49 and 52 percent, respectively, for first-brood resistance. 
Predicted genetic gains were calculated for second-brood 
resistance in B52 x 0h43 cross. Estimated reduction in num­
ber of cavities per stalk per year using full mass selection 
in the Fg generation ranged from 0.90 to 1.42 using a 10 per­
cent selection intensity; estimated reduction per year using 
selfed-progeny selection was 0.54 with a 10 percent selection 
intensity. Predicted genetic gains for second-brood resis­
tance in B52 x WP9 were considerably higher. 
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Table 4-3. Phenotypic and error correlation coefficients among 
number of cavities per shank (X^ ), stalk (Xg), plant 
(Xo), and visual rating of leaf feeding (X^ ) for 
Experiments 61, 106, 107, 59f 60, and 72 
Experiment no. Characters correlated 
and materials X^  and Xg X^  and X^  Xg and X^  and X^ r^  
Phenotypic correlations 
Exp. 6l 
Among inbreds .75* 
Among hybrids .60** 
Exp. 106 .88** 
Exp. 107 .73* 
Exp. 59 .62 
Exp. 60 .82** 
Exp. 72 
Among F_ lines .3^ ** 
Among BSj lines .50** 
Among BSg lines .43** 
Error correlations 
Exp. 6l 
Among inbreds .60 
Among hybrids .29 
Exp. 106 .26 
Exp. 107 .52 
Exp. 59 .60 
Exp. 60 .55 
Exp. 72 
Among lines .36** 
Among BS^  lines .55** 
Among BSg lines . 53** 
.84** .99** .46 
.76** .97** .41** 
.92** 1.00** 
.81** .99** 
.68* .99** 
.89** .99** 
.44** .97** 
.64** .97** 
.53** .99** 
.73** .99** .22 
.55** .96** .24 
.57 .94** 
.70* .97** 
.71* .99** 
.73* .97** 
.43** .97** 
.68** .97** 
.63** .94** 
**,*Significant at the Vfo and 59^ levels, respectively. 
Table 44. Analyses of covariance for mean number of cavities per shank (X,) 
stalk (Xg), plant (X^), and leaf feeding (X^^ in Experiment 6l 
Source 
Mean cross products 
df XiXg X^ X, XgX] 
Replications 
Entries 
Among parents 
Parents vs. crosses 
Among crosses 
Error 
Error (among parents) 
Error (parents vs. crosses) 
Error (among crosses) 
Total 
2 
54 
9 
1 
44 
108 
18 
2 
88 
164 
12.94 17.09 
3.36 
0.63 
0.15 
0.90 
0.32 
80.80 
4.88 
1.66 
23.24 
5.13 17.80 7.86 
0 . 2 6  
0.23 
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Table 45. Analyses of covariance for mean number of cavities 
per shank (X,), stalk (Xg), and plant (X^ ) in Ex­
periments lOo, 107, 59. and 60 
Mean cross products 
Source df 1^^ 2 1^^ 3 2^^ 3 
Exp. 106 
Reps 9 
Generations 8 33-37 41.52 179.21 
Error 72 0.12 0.32 1.21 
Exp. 107 
Reps 9 
Generations 8 8.85 10,29 70.44 
Error 72 0.25 0.41 I.60 
Exp. 59 9 
Reps 9 
Generations 8 12.74 14.27 226.43 
Error 72 O.33 0.44 2.79 
Exp. 60 
Reps 9 
Generations 8 33*09 43.19 I68.OO 
Error 72 O.57 0.92 3.63 
Table 46. Analyses of covariance for moan number of cavities per shank (Xn), stalk 
(Xp), and plant (X^ ), plant height (X^ ), and dehiscence date (Xf) in 
Experiment 72 
Mean cross products 
Source df X^ Xg X^ X^  XgX^  XgX^  XgX. X^ X^  
Reps 2 
Blocks/reps 12 
Among entries/blocks 425 
Among F^ '^ blocks 195 1.29 1.83 20.41 -21.33 -4.98 33.97 
Anong BS^ 's/blocks 95 1.07 1.58 10.96 -4.96 -3.97 19.37 
Among BSg's/blocks 95 0.93 1.23 22.74 -39.65 -5.01 16.91 
ror (pooled) 850 
Error (among F^ 's) 390 0.61 0.82 7.65 2.99 -2.25 -1.72 
Error (among BS^ 's) 190 0.42 0.59 3.25 0.90 -1.66 —0,01 
Error (among BSg's) 190 0.63 0.83 7.99 4.95 -2.99 -2.03 
Residual error 80 
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Table 4?. Summary of means, standard errors, ranges, pheno-
typic variances, and coefficients of variability 
for number of cavities per shank, stalk, and plant 
in six generations of B52 x 0h43 
Trait and 0 
cv(^) generation X 3% Range 
 ^ph 
Number of cavities per shank 
Fp 1.23 .04 5.00 1.21 89.5 
^3 1.94 .08 4.30 0.25 25.8 
BC, 0.93 .10 4. 00 1.04 109.4 
BS^  1.88 .04 1.80 0.17 22.1 
BC, 1.30 .11 4.00 1.26 86.4 
BS| 1.85 .03 .1.76 0.11 18.1 
Number of cavities per stalk 
Fp 7.13 .22 15.00 9.53 43.3 
^3 10.71 .18 16.07 6.52 23.8 
BC-, 3.36 .22 10.00 5.04 66.8 
BS^  6.90 .18 12.16 3.26 26.2 
BC, 11.88 .34 15.00 11.88 29.0 
BSg 13.54 .27 12.20 7.08 19.7 
Number of cavities per plant 
Fp 8.36 .24 16.00 11,23 40.1 
^3 12.65 .19 15.00 7.34 21.4 
BC. 4.28 .26 12.00 6.65 60.2 
BS^  8.80 .20 12.63 4.11 23.0 
BC, 13.18 .40 17.00 15.62 30.0 
BSg 15.43 .28 12.24 7.74 18.0 
Table 48. Regression coefficients obtained by parent-progeny regression in the 
backcross generations of B52 x Oh43 cross; realized heritabilities 
for number of cavities per stalk and plant in the BC^  and BCg genera 
tions are also presented 
Character 
Regression of 
BSj^  on BC]^  
Regression of 
BSg on BCg 
Regression of 
BS-, and BSp on 
BC^  and BC^  
.121** 
.228** 
.213** 
Cavities per shank 
Cavities per stalk 
Cavities per plant 
Realized heritability (10^  selection) 
Cavities per stalk 16.?^  
Cavities per plant 7-5% 
.020 
.256** 
.228** 
19.6# 
21.6# 
.062* 
.612** 
.558** 
**,*Significant at the 1% and 5fo levels, respectively. 
